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I. — A  Geologist  of  a  Ckntubt  Ago  : 

SAinjBL  WooDWABD  OF  Noswicu,  Antiquary  and  Geologist.^ 

(With  a  Portrait.) 

GEOLOGISTS  are  so  accustomed  to  deal  with  vast  periods  of 
time,  that  a  century  may  be  deemed  by  them  as  equivalent  to 
the  moment-measure  of  the  dial,  or  the  sand-grains  of  the  hour-glass. 

Nevertheless  a  century,  in  human  affairs,  especially  that  just 
expiring,  has  for  us  a  vastly  wider  significance,  and  although  its 
passage  may  not  have  seen  the  birth,  it  has  witnessed  all  the  growth 
and  development  of  Geological  science,  and  a  large  proportion  of 
that  of  her  sisters  also.  It  cannot  be  without  interest,  therefore, 
briefly  to  record  in  these  pages  the  name  of  one  who,  although 
bom  a  hundred  years  ago,  with  but  scanty  opportunities  either  of 
position  or  education  to  assist  him,  yet  by  sheer  force  of  energy  and 
perseveranoe,  and  attracted  by  a  strong  love  of  Nature,  became 
a  geologist  of  no  mean  merit,  and  left  behind  him  a  name  honoured 
by  those  who  knew  him,  and  a  record  of  work  accomplished,  worthy 
to  fill  a  much  longer  life. 

Samuel  Woodward  was  born  at  Norwich,  on  the  3rd  October, 
1790.  His  grandfather,  Simon  Woodward,  came  from  London  to 
settle  in  Norwich,  where  he  married  and  left  two  children,  the 
younger  of  whom,  William,  born  in  1762,  married,  in  1789,  to 
Elizabeth  Springall,  and  died  in  1795,  at  the  early  age  of  33  years. 
He  left  a  widow  and  two  children,  the  elder  of  whom  was  Samuel 
Woodward,  the  subject  of  the  present  Memoir.  His  father  died 
before  he  was  five  years  old,  and  after  attending  a  day-school  for 
a  short  time,  he  was  placed  under  the  care  of  a  relative  who  was 
a  shawl-weaver,  then  one  of  the  staple  manufactures  of  Norwich. 
So  desirous  was  the  boy  to  learn  that  he  devoted  every  spare 
moment  to  study,  and  read  with  eagerness  every  book  which  came 
within  his  reach.    At  ten  years  of  age  we  find  him  singing,  as  a 

'  Those  who  are  interested  in  the  story  of  a  Norwich  boy  who  became  a  geologist 
may  read  the  fuller  account,  of  which  this  is  hut  an  abstract,  in  the  Transactions  of  the 
Norfolk  and  Norwich  Naturalists*  Society,  toL  ii.  pp.  663-693,  1879,  by  Horace 
B.  Woodward,  F.6.S.  (grandson  of  Samuel  Woodward),  and  author  of  the  '^Oeologj 
of  England  and  Wales/'  one  of  the  best  text-books  oyer  written.  The  portrait  is 
imrodnced  by  permission  from  an  original  sketch,  in  Indian  ink,  in  the  possession 
of^his  daughter,  Mrs.  T.  G.  Bayfield  of  Norwich,  drawn  from  life  by  his  ddest  son, 
B.  B.  Woodward.— £dit.  Obol.  Mao. 
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2  Life  of  a  Geologist  of  a  Century  Ago — 

chorister,  on  Sundays,  in  St.  George's  Colegate,  the  church  of  the 
parish  in  which  he  lived  with  his  mother.  Here  he  was  introduced 
to  Mr.  Alderman  Herring,  a  wealthy  manufacturer,  and  at  one  time 
Mayor  of  Norwich,  who  kindly  took  the  lad  into  his  warehouse,  and 
having  first  placed  him  in  a  school  for  a  short  time,  he  afterwards 
bound  him  apprentice  to  his  own  business,  that  of  weaving  Camlets 
and  Bombazines.  Here  he  gradually  rose  to  a  position  of  trust 
and  responsibility ;  nor  did  he,  during  this  period  of  twelve  years, 
neglect  any  opportunity  of  improving  his  mind,  eagerly  availing 
himself  of  the  kind  permission  given  him  by  Mr.  Herring  to  use  his 
library  for  study  whenever  he  had  leisure  to  do  so.  His  pursuits 
had  already  assumed  the  form  they  retained  in  later  life.  He 
collected  and  cultivated  flowers,  and  his  room  was  adorned  with 
curios  and  shells  which  he  bought  at  the  old-curiosity  shops  in 
the  city. 

One  of  the  first  geological  puzzles  he  endeavoured  to  solve  was 
a  mass  of  flint  containing  Ananchytes,  which  he  had  noticed  on  a 
cottage  mantel-piece,  where  it  was  kept,  well  black-leaded,  as  an 
ornament.  And  one  of  the  books  which  first  excited  his  attention, 
and  perhaps  directed  it  to  antiquarian  and  geological  studies,  was 
Yerstegan's  "Restitution  of  Decayed  Intelligence,  in  Antiquities 
concerning  the  most  noble  and  renewed  English  Nation,"  a  curious 
work,  of  which  the  first  edition  was  published  in  1605,  and  in 
which  the  former  connection  between  England  and  France  was  then 
advocated. 

He  not  only  used  every  opportunity  of  adding  to  his  own  store 
of  knowledge,  but  was  ready  to  help  others,  for  he  himself  taught 
in  both  an  evening  and  a  Sunday  school.  It  was  whilst  thus  engaged 
that  he  became  acquainted  with  Joseph  John  Gurney,  who,  throughout 
his  life,  proved  a  true  friend  to  him. 

In  1812  Mr.  Herring  gave  up  his  manufactory  owing  to  the 
general  depression  of  business,  but  in  1814  Samuel  Woodward 
obtained  a  clerkship  in  the  Norwich  Union  Fire  Office,  which  he 
held  for  six  years,  when  he  entered  the  Banking-house  of  Messrs. 
Gumeys'  &  Co.,  where  he  remained  until  his  death. 

In  1815  Samuel  Woodward  married  Elizabeth,  daughter  of  Bernard 
Bolingbroke,  Esq.,  of  East  Dereham,  Norfolk,  and  niece  of  Nathaniel 
Bolingbroke,  Esq.,  formerly  Mayor  of  Norwich,  and  of  Sir  John 
Tallop,  Sheriff  of  that  city.  This  union  resulted  in  a  family  of  six 
sons  and  three  daughtei-s ;  but  one  son  and  one  daughter  died  in 
their  infancy. 

Aft«r  1820,  he  was  brought  prominently  under  the  notice  of 
Hudson  Gurney,  Esq.,  M.P.,  of  Keswick,  and  Dawson  Turner, 
Esq.,  of  Yarmouth,  both  Fellows  of  the  Boyal  Society,  and  partners 
in  Gumey's  Bank.  It  was  to  their  friendly  aid  and  encouragement 
that  he  largely  owed  the  opportunities  he  enjoyed  for  the  prosecution 
of  his  favourite  studies,  and  also  the  success  which  attended  his 
labours.  To  them  he  was  particularly  indebted  for  the  loan  of 
books,  and  for  aid  in  his  publications. 

The  works  of  Parkinson,  William  Smith,  and,  later  on,  those  of 
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Conybeare  and  Phillips,  became  his  text-books ;  while  the  writings 
of  Richard  Taylor  gave  an  impetus  to  his  local  researches.  Taylor's 
earliest  paper  was  published  in  1822,^  and  in  the  following  year 
Samuel  Woodward  made  his  first  geological  tour  of  the  coast,  but 
without  obtaining  any  specimens  of  fossil  bones.  In  1824  Mr. 
Sobert  Lacy  sent  him  two  molars  of  Elephant  from  Mundesley, 
and  soon  after  he  made  another  excursion  from  Yarmouth  to  Cromer 
along  the  beach,  and  obtained  some  good  specimens ;  and  might,  he 
says,  have  obtained  some  very  large  and  fine  bones,  but  for  the 
difficnlty  of  conveyance. 

From  this  year  and  up  to  the  time  of  his  death  he  maintained  a 
considerable  correspondence  with  many  of  the  leading  naturalists 
and  geologists  of  the  day.  The  letters  he  received,  together  with 
many  miscellaneous  notes  and  memoranda,  are  preserved  in  eleven 
quarto  volumes,  now  in  the  possession  of  his  youngest  son,  Dr. 
Henry  Woodward,  F.R.S.  During  this  period  of  fourteen  years  he 
seems  to  have  kept  every  scientific  letter  he  received,  and  it  must 
be  remembered  that  in  those  days  letter-writing  was,  as  a  rule,  far 
more  elaborate  and  careful  than  it  is  now.  Many  of  these  letters 
are  only  of  value  as  autographs,  and  merely  relate  to  inquiries  as 
to  coins,  rings,  seals,  merchants-marks,  ancient  buildings,  and  other 
antiquarian  matters  mostly  of  local  interest.  Others  bear  upon 
geological  topics  :  amongst  them  we  find  letters  from  William  Bean 
(of  Scarboro'),  C.  W.  Peach,  R.  0.  Taylor,  Hudson  Gurney,  Dawson 
Turner,  the  Rev.  James  Layton  (of  Catfield) ;  Thomas  Amyot 
(Treasurer  of  the  Society  of  Antiquaries),  J.  W.  Robberds,  Miss 
Etheldred  Benett,*  Goddard  Johnson,  H.  Denny  (of  Leeds),  Daniel 
Stock  (of  Bungay),  Dr.  Buckiand,  Prof.  Sedgwick,  Dr.  Man  tell,  G. 
B.  Baker  (of  Bungay),  Dr.  Charles  Konig  (British  Museum),  Sir  R.  I. 
Mnrchison,  Prof.  John  Phillips,  Dr.  James  Mitchell,  Wm.  Gilbertson 
(of  Preston),  the  Rev.  Thomas  Image  (of  Whepstead),  the  Rev. 
GeoT^  Munford,  the  Rev.  W.  Foulger.  There  are  also  short  notes 
from  Fitton,  De  la  Beche,  Lyell,  Agassiz,  Sir  Philip  Egerton,  Eliza- 
beth Fry,  Harriet  Martineau,  and  Charles  Waterton. 

Samuel  Woodward's  first  letter  to  Mr.  Caleb  Rose,  F.G.S.,  of 
Swaffham,  was  written  in  May,  1826,  and  from  that  date  there  was 
an  uninterrupted  correspondence,  mostly  on  geological  topics,  until 
the  death  of  the  former  in  1838.  The  enthusiasm  of  the  two  friends 
seems  to  have  been  very  great ;  every  discovery  of  a  new  fossil  was 
at  onoe  communicated,  while  books  and  specimens  were  borrowed 
and  exchanged,  in  a  way  that  speaks  well  for  the  prosecution  of 
science  in  those  days. 

In  1824  he  made  his  first  communication  to  one  of  the  learned 
Societies  of  London.  It  consisted  of  a  series  of  maps  and  plans  of 
Ancient  Norfolk,  which  he  submitted  to  the  Society  of  Antiquaries 
through  Mr.  Hudson  Gurney.  One  of  these  maps  illustrated  the 
Roman  period,  showing  the  several  stations  and  roads  constructed 

1  "Fossil  Bones  on  the  Coast  of  East  Norfolk,"  Phil.  Mag.  vol.  Ix.  p.  132,  1822. 
*  Well  known  to  geologists  as  authoress  of  **  A  Catalogue  of  the  Organic  Remains 
of  the  County  of  Wilts,"  1831 ;  (of  Norton  House  Wanninster,  Wilts). 
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by  the  Romans ;  another  pictured  the  great  estuary  which  it  was 
considered  had  spread  itself  as  far  as  Venia  Icenorum  (Norwich) 
before  the  sands  on  which  Yarmouth  was  built  were  left  uncovered 
by  the  sea.  This  latter  map  was  based  upon  the  ancient  '  Hutch 
Map,'  belonging  to  the  Corporation  of  Yarmouth,  with,  however, 
many  inaccuracies  as  to  places  and  distances  corrected. 

In  1825  he  had  already  nearly  completed  two  works  in  MS.,  one 
entitled  "  Sketch  of  the  Norwich  Crag  Deposit,  with  a  Descriptive 
Catalogue  of  its  Fossils,"  a  quarto  volume  containing  twenty  plates 
with  outline  figures  of  the  species;  the  other,  entitled,  "Remarks 
on  the  Geology  of  the  County  of  Norfolk,"  4to.  illustrated  with 
coloured  figures  of  the  fossils  and  coloured  sections  of  the  strata. 
Both  works,  however,  were  commenced  and  carried  out  on  a  plan 
far  too  ambitious  and  expensive  for  publication.  The  projected 
"  Geology  of  Norfolk  "  was  to  comprise  24  plates,  and  nearly  1000 
figures;  he  had  already  drawn  about  300,  and  others  were  sub- 
sequently added ;  these  remain  as  he  left  them.  The  substance  of 
bis  observations,  and  figures  of  many  of  the  species  were,  however, 
published  in  his  "Geology  of  Norfolk,"  in  1833.  The  original 
drawings  of  fossils  are  extremely  accurate  and  very  carefully  executed 
and  bespeak  considerable  native  talent.  In  1826  he  was  elected  a 
member  of  the  Committee  of  the  Norfolk  and  Norwich  Museum 
(established  in  1824),  an  office  which  he  held  at  intervals  during  the 
subsequent  years  of  his  life.  In  1827  he  exhibited  before  the 
Society  of  Antiquaries,  in  London,  some  antiquities  found  at 
Coltishall,  which  he  conjectured  to  have  been  a  landing-place  to  the 
Romans  when  navigating  the  River  Bure  on  their  way  to  Bampton 
or  Burgh-by-Aylsham.  Later  in  the  year  he  was  engaged  with  Mr. 
W.  0.  Ewing,  in  exploring  the  Barrows  at  Eaton  Heath.  The 
Bronze  Celts  and  a  perfect  metal  mould  obtained  there,  were  ex- 
hibited at  the  Society  of  Antiquaries,  Dec.  6, 1827  (see  Archaeologia, 
vol.  xxii.  p.  424,  1829).  On  the  6th  Feb.  1828,  he  was  elected 
an  Honorary  Member  of  the  Yorkshire  Philosophical  Society,  at 
the  suggestion  of  John  Phillips,  then  Curator  of  the  York  Museum, 
with  whom  he  frequently  corresponded. 

In  1828,  in  a  letter  to  Dr.  Fitton,  F.R.S.,  President  of  the 
Geological  Society  of  London  (read  2nd  January,  1829),  he  records 
the  occurrence  of  Crag  at  Cromer,  and  westward  at  Coltishall,  and 
around  Norwich.  To  the  eastward,  instead  of  marine  shells,  he 
noticed  that  there  occurred  a  layer  of  ligneous  and  mammalian 
remains  reposing  on  the  Chalk.  In  this,  immense  numbers  of  bones 
and  teeth  of  the  Elephant,  Horse,  Deer,  etc.,  mingled  with  trunks, 
branches,  and  leaves  of  trees,  had  been  found,  extending  even  to  the 
distance  of  twenty  miles  out  to  sea,  and  on  the  Knoll  sands,  etc. 
(Proc  Geol.  Soo.  1829,  vol.  i.  p.  93).  In  1829,  he  communicated  a 
short  sketch  of  the  geology  of  the  county  to  the  "  Norfolk  Tour," 
in  which  he  states  that  in  what  was  subsequently  termed  the 
"  Forest  Bed  "  there  are  found  a  surprising  number  of  vegetable 
and  animal  remains,  as  trunks,  branches,  leaves,  and  stumps  of  trees 
(in  situ),  etc.     He  had  two  years  previously  (1827)  recorded  that 
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in  his  own  oolleotion  from  the  ooast  were  remains  of  Elephant^ 
Bhinooeros,  Hippopotamus,  Horse,  Bos,  Irish  Deer,  and  three  other 
species  of  Deer.^  Many  of  these  were  obtained  from  the  oyster* 
bank  off  Hasboro',  which  he  r^arded  as  an  extension  of  the 
blue  clay  of  the  cliff.  He  also  observed  that  "  the  antlers  of  the 
deer  are  broken  into  fragments  of  from  six  to  eight  inches  in  length, 
and  three-fourths  of  them  had  been  shed,  indicating  that  they  were 
at  present  not  far  removed  from  their  original  locality,  and  appeared 
to  confirm  the  tradition  that  this  part  of  the  sea,  called  'the 
Holmes,'  was  originally  a  forest." 

In  a  second  communication  to  Dr.  Fitton  (23rd  March,  1829),  he 
pointed  out  that  "  Wherever  a  section  has  been  made  of  the  Crag 
of  Norwich,  with  one  exception,  there  has  been  found  a  layer  of 
nodular  flints  from  twelve  to  eighteen  inches  in  thickness  reposing 
on  the  Chalk.  Beasoning  from  analogy  he  concluded  that  the 
Chalk  in  these  instances  had  been  subject  to  the  action  of  currents 
of  water  previous  to  the  deposition  of  the  (Crag)  shells;  as  the 
appearance  of  the  flints  perfectly  agrees  with  the  like  phenomena 
going  on  at  Foulness  Point,  Cromer,  and  at  Trimmingham  Beach, 
on  our  coast ;  .  .  .  .  The  Chalk  under  these  flints  is  perforated  as 
if  by  Pholadea."  These  notes,  although  not  published  at  the  time, 
appeared  later  on  in  the  **  Geology  of  Norfolk." 

In  April,  1829,  he  sent  to  Mr.  Amyot  some  ''Fragments  illus- 
trating the  History  of  Norwich  Castle ; "  and  in  May,  some 
"  Observations  on  the  Bound  Towers  of  Norfolk,"  for  the  Society 
of  Antiquaries.  At  the  request  of  Mr.  Daniel  Qumey,  he  directed 
his  attention,  in  1825,  to  the  collecting  and  publishing  of  Merchants' 
Marks,  and  later  on  he  exhibited  six  examples  referred  to  dates  between 
1409  and  1608,  which  he  had  drawn  on  stone  ready  for  publication. 

For  some  time  past  his  ''Synoptical  Table  of  British  Organio 
Bemains"  had  been  in  preparation,  entailing  much  research  and 
correspondence;  it  appeared  on  1st  July,  1830,  the  list  of  sub- 
scribers numbering  155.  This  work,  naturally,  has  now  been  out 
of  date  long  ago,  having  been  superseded  in  1843  by  the  "Catalogue 
of  British  Fossils,"  by  Professor  Morris,  the  second  edition  of  which 
appeared  in  1854,  now  36  years  since.  Happily  the  Yertebrata 
have  been  brought  up  to  date  by  Messrs.  Arthur  Smith  Woodward 
and  C.  Davies  Sherborn,  but  the  Invertebrata  have  only  been 
partially  listed  in  separate  works,  so  that  much  remains  to  be  done 
in  order  to  complete  our  Catalogue  of  British  Fossils. 

In  1832,  Samuel  Woodward  visited  Mr.  Hudson  Oumey  in 
London,  and  went  the  round  of  the  principal  learned  Societies  with 
him ;  making  the  personal  acquaiutance  of  a  number  of  eminent 
geologists  and  antiquaries  whom  he  had  previously  known  by 
correspondence.  He  also  attended  a  conversazione  at  Mr.  (afterwards 
Sir  Boderick)  Murohison's  house,  where  he  met  Dr.  Buokland  and 
Mr.  (afterwards  Sir  Charles)  Lyell,  and  others. 

The  year  1833  saw  the  publication,  on  the  1st  of  May,  of  his 
"Outlines  of  the  Qeology  of  Norfolk,"  one  of  the  first  works 
1  See  Setr.  J.  La7t<»i,  Edinb.  Joum.  of  Sdenoe,  vol.  tL  p.  199. 
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desoribing  the  geology  of  any  EDglish  county,  and  one  which  in  its 
plan  and  scope  has  not  at  present  been  superseded.  Much  necessarily 
requires  revision  in  the  classification  of  both  the  strata  and  their 
included  fossils ;  but  the  work  has  retained  its  place  as  a  standard 
book  of  reference  for  Norfolk.  He  attended  the  meeting  of  the 
British  Association  at  Cambridge  in  1833,  in  company  with  his 
friend  Mr.  Caleb  Rose,  of  Swaffham,  but  they  do  not  appear  to 
have  been  much  gratified  with  their  visit ;  for,  as  his  friend  after- 
wards remarked  in  a  letter,  *'  authorities  were  ponderous,"  and  we 
were  only  '*  insignificant  labourers." 

In  this  year  Professor  Sedgwick  was  appointed  a  Canon  of  Norwich 
Cathedral,  and  his  advent  was  indeed  a  happiness  to  the  Norfolk 
geologist  Dr.  Mantell,  writing  from  Brighton  (December  14th, 
1834),  says :  "  Believe  me  you  are  most  fortunate  to  have  such  a 
man  near  you ;  it  will  more  than  compensate  for  your  distance  from 
all  the  other  savants  in  England.  I  think  Mr.  Sedgwick  by  far  the 
most  talented  and  splendid  man  we  can  boast  of.  I  only  wish  we 
had  a  Cathedral  here,  and  he  had  a  stall  in  it" 

During  the  Professor*s  residence  in  Norwich,  they  not  unfrequently 
met,  Sedgwick  often  inviting  Woodward  to  the  Close,  and  coming 
occasionally  to  spend  an  evening  at  Grove  Cottage,  to  look  over 
the  treasures  in  his  geological  collection. 

In  February,  1835,  he  delivered  a  lecture  on  "The  Antediluvian 
Topography  of  Norfolk  "  at  an  evening  conversazione  of  the  Norfolk 
and  Norwich  Museum. 

About  this  period  his  health  seems  to  have  been  very  feeble ;  he 
was  6u£fering  from  a  most  trying  complaint,  diabetes.  At  times  he 
had  to  relinquish  his  duties  at  the  Bank,  and  seek  in  travel  and 
change  of  scene,  a  temporary  alleviation  from  his  indisposition. 
Thus,  on  the  13th  July,  1836,  he  went  by  packet  to  Yarmouth,  and 
thence  to  Hull,  where  he  inspected  the  Hull  Natural  History  Museum 
with  Mr.  W.  H.  Dykes,  and  Mr.  John  Edward  Lee,  the  Curator  of 
the  Museum.  He  next  proceeded  to  Beverley,  and  afterwards  to 
Scarborough,  where  he  met  Mr.  W.  Bean,  Dr.  William  Smith,  and 
Mr.  Williamson,  and  was  shown  the  geology  of  the  coast  by  William 
Smith.  Thence  to  York  to  visit  John  Phillips  and  the  York  Museum ; 
afterwards  to  Leeds,  to  the  Museum  and  to  visit  Mr.  H.  Denny. 
Then  on  to  Preston  to  stay  with  Mr.  Gilbertson,  the  well-known 
collector  of  Mountain  Limestone  fossils.^  Later  on  he  returned  vi& 
Liverpool,  and  made  his  first  railway  journey  from  that  city  to 
Manchester,  thence  to  Nottingham  and  so  through  Derbyshire  by 
Buxton  and  Matlock  to  Derby  and  back  to  Nottingham,  then  on  to 
Newark  and  so  home  via,  Sleaford,  Lynn,  and  Dereham  to  Norwich, 
a  truly  formidable  journey  in  those  days. 

In  1836  we  find  him  again  in  London,  seeking  health,  though 
mostly  visiting  amongst  friends  and  attending  the  meetings  of 
scientific  societies. 

In  September,  the  Marquis  of  Northampton,  who  was  much 
interested  in  geology,  visited  him  at  Grove  Cottage,  Lakenham,  in 

^  Whose  colleetion,  like  Williiun  Smith's,  is  now  preserved  in  the  British  Mnsenm 
(Natural  History). 
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order  to  see  his  oollections ;  also  Mr.  Joseph  Prestwich,  jun.  (after- 
wards Professor  Prestwioh,  F.R.S.)  who,  paid  his  first  visit  to  the 
Thorpe  Crag- pits  under  Mr.  Woodward's  guidance,  and  there  obtained 
a  fine  molar  of  Elephaa  meridionaliSf  now  in  the  Norwich  Museum. 

Although  his  bodily  powers  failed  him,  his  mental  energies  never 
ceased  to  display  their  activity,  and  even  at  the  last  he  occupied 
himself  with  numerous  archasological  subjects,  and  with  the  prepara- 
tion of  a  new  work,  **  Theoretical  View  of  the  Geology  of  the  Norfolk 
Coast,"  a  MS.  which  was  never  published. 

He  was  also  engaged  in  the  preparation  of  his  "History  and 
Antiquities  of  Norwich  Castle,"  edited,  after  his  death  by  his  eldest 
son,  B.  B.  Woodward,  F.S.A.,  in  1847 ;  and  in  gathering  materials 
for  the  ''Norfolk  Topographer's  Manual,"  revised,  augmented,  and 
edited  by  W.  C.  Ewing,  and  published  in  1842.  Nothing  could 
exceed  the  sympathy  and  kindness  shown  to  Mr.  Woodward  during 
his  last  illness  by  all  his  friends,  but  his  malady  baffled  medical 
skill,  and  he  died  on  the  14th  January,  1838,  in  his  48th  year. 

Thus  ended  a  life  of  devotion  to  science,  a  life  whose  published 
works  form  but  a  partial  memorial  of  the  indefatigable  industry  of 
their  author.  "I  believe,"  writes  Prof.  Sedgwick,  "it  is  not  too 
much  to  say  that  his  life  has  been  cut  short  by  his  devotion  to 
science,  and  by  his  continuing  (after  the  laborious  duties  of  the 
day)  to  spend  hours  in  study,  which  ought  to  have  been  given  to 
rest."  "His  memory,"  writes  his  eldest  son,  "remains  an  object  of 
reverence  to  his  children,  whose  paths,  by  his  patience  and  toil, 
have  been  made  so  easy  and  pleasant  compared  with  his  own,  and 
of  unfeigned  respect  to  all  who  were  acquainted  with  his  character 
and  his  acquirements." 
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II. — Essays  in  Theobetigal  Qeologt. 

By  R.  D.  Oldham,  A.R.S.M.,  F.G.S., 

of  the  Geological  SurYcy  of  India. 

S.  The  Age  and  Origin  or  the  Himalayas,  with  Espeoial  Eefeb- 

ENOB   TO  THE  EeV.  0.  FiSHEr's  ThBORY  OF  MoUMTAIN   FORMATION. 

Introductory, 

IT  has  become  one  of  the  truisms  of  geology  that  Tndia,  like  Gaul, 
is  diyided  into  three  parts,  the  Peninsular,  the  Extra-peninsular, 
and  the  Indo-gangetio  alluvium. 

Of  these  the  first,  the  Peninsular,  has  been  dry  land  since  the 
Palffiozoio  period  at  least.  It  consists  of  a  core  of  highly  metamor- 
phosed and  contorted  gneiss,  on  which  are  the  remains  of  a  skin  of 
sedimentary  rocks  of  various  ages,  and  a  vast  expanse  of  trappean 
outbursts.  Except  in  the  Aravallis,  the  beds  are  but  slightly  dis- 
turbed, and  the  whole  aiea  has  evidently  been  in  a  state  of  quiescence 
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thronghont  the  greater  part  of  the  period  which  has  elapsed  since 
the  commencement  of  the  sedimentary  period.  The  region  seems 
to  have  undergone  but  little  oscillation  of  level,  and  such  oscillations 
as  have  taken  plaoe  never  brought  more  than  the  margins  of  the  area 
beneath  the  level  of  the  sea.  With  the  exception  of  the  Aravallis 
before  mentioned,  there  is  no  structural  mountain-range  in  the 
Peninsular  area,  and  such  tracts  as,  from  their  elevation,  deserve  the 
name  of  mountains,  owe  their  limitations  to  the  action  of  subaerial 
denudation. 

In  contrast  with  this  the  Extra-peninsular  area,  if  we  except  the 
Upper  Tertiary  beds  at  the  top  of  the  sequence  and  the  Archiean 
gneisses  at  the  base,  contains  few  sedimentary  rocks  which  are  not 
of  marine  origin.  Almost  everywhere  they  are  intensely  disturbed, 
and  the  area  is  essentially  one  of  structural  mountain  ranges,  that  is, 
of  ranges  whose  general  direction  is  closely  connected  with,  and 
caused  by,  the  disturbance  the  beds  have  undergone.  Of  this  area 
we  are  at  present  concerned  with  the  Himalayas,  that  system  of 
mountains  which  rises  abruptly  from  the  plains  of  Upper  India, 
range  beyond  range,  to  the  snow-clad  summits  forming  the  highest 
spots  on  the  surface  of  the  Earth. 

In  the  contour  of  the  two  areas  there  is  a  vaert  difference.  The 
surface  of  the  Peninsular  area  shows  rounded  outlying  and  gentle 
Blopes,  except  where  the  outcrop  of  hard  or  massive  beds  has  led 
to  the  formation  of  scarps ;  the  gradients  of  the  streams  are  flat,  their 
beds  sandy,  and  seldom  do  they  show  signs  of*  active  erosion  of 
their  channels ;  in  fact,  the  Peninsular  area  shows  all  the  features 
of  an  ancient  land-surface,  long  exposed  to  subaerial  denudation, 
in  which  the  streams  and  hill-slopes  have  alike  gone  far  towards 
reaching  a  condition  of  equilibrium. 

The  Himalayas,  on  the  contrary,  are  a  region  of  deep,  steep-sided, 
valleys  and  gorges ;  nearly  everywhere  the  streams  and  rivera  alike 
are  torrents  flowing  over  a  bed  of  coarse  boulders,  everywhere,  with 
but  local  exceptions,  they  are  evidently  eroding  their  channels, 
while  the  steep  slopes  and  sharp  crests  of  the  ridges,  no  less  than 
the  constant  landslips  and  general  instability  of  the  soil,  betoken 
a  country  in  which  the  action  of  rain  and  frosts  on  the  hill-sides  has 
not  been  able  to  keep  pace  with  the  deepening  of  the  stream -beds 
by  erosion. 

Equally  striking  is  the  contrast  in  the  nature  of  the  boundary  of 
the  two  areas  with  the  Indo-gangetio  alluvium.  To  the  north  the 
Himalayas  rise  abruptly  from  slopes  of  recent  gravels  at  their  base, 
and,  though  there  are  irregularities  of  detail,  the  boundary  as  a 
whole  sweeps  in  a  crescent  curve  from  one  extremity  to  the  other, 
while  there  are  no  outliers  of  the  Himalayan  beds  surrounded  by 
alluvium,  nor  are  there  any  long  tongues  of  the  latter  running  up 
into  the  Himalayan  area.  To  the  south  the  rocks  slip  imperceptibly 
under  the  alluvium,  so  much  so  that  different  observers  have  differed 
by  miles  in  the  boundary  they  drew  between  the  alluvium  and  the 
older  rock ;  the  boundary  exhibits  every  variety  of  irregularity, 
long  tongues  of  alluvium  run  up  the  various  river  valleys  far  into 
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the  rock  area,  and,  to  crown  all,  there  are  oatliers  innumerable  of 
the  peninsular  rocks  standing  up  from  the  alluvial  plain. 

These  last  contrasts  between  the  two  areas  are  shown  even  on 
a  good  topographical  map ;  but  that  now  to  be  mentioned,  the  moat 
important  of  all,  can  only  be  seen  on  one  that  is  geologically 
coloured. 

Along  its  southern  boundary  the  alluvium  is  in  contact  with  rocks 
of  various  ages ;  but  to  the  north,  with  the  exception  of  a  short 
distance  in  Sikkim,  a  zone  of  rocks  of  Tertiary  age  separates  the 
alluvium  on  the  one  hand  from  the  pre-Tertiary  rocks  of  the 
Himalayas  on  the  other.  In  a  word,  the  southeru  boundary  is  due 
to  the  freaks  of  denudation  and  alteration  of  level,  while  the 
northern  is  a  structural  boundary ;  and  this  will  be  made  still 
more  evident  when  we  come  to  consider  in  more  detail  that  band 
of  Tertiary  deposits  which  forms  the  southern  margin  of  the 
Himalayas,  and  has  so  important  a  bearing  on  the  subject  with 
which  this  paper  deals. 

Part  L     The  FaeU. 

The  Tertiaries  of  the  outer  Himalayas  present  a  marked  similarity 
of  type  along  the  whole  extent  of  the  range,  but  the  sequence  is 
not  everywhere  equally  complete.  In  the  extreme  north-west  there 
is  a  great  series  of  beds,  ranging  from  the  marine  Nummulitics  at 
the  base  to  the  subaerially  deposited  Pliocene  conglomerate  sand- 
stones and  clays  at  the  summit.  They  were  divided  by  Mr.  Wynne, 
who  examined  this  country,  as  follows  :  * — 

1.  Upper  Siwalik,  about  4000  feet;  brown  drab  or  reddish  clays,  soft  grey  sand- 
stones, conglomerates. 

2.  Lower  Siwalik,  about  10,000  feet;  soft  grey  sandstones  and  brown  and  grey 
clays,  many  red  clays. 

3.  Murree  beds,  average  7600  feet ;  harder  grey  sandstones  with  soft  zones,  red 
or  pniple  clays. 

4.  ^ummulitic,  upper  800  feet;  greenisb  grey  and  purple  sandstones,  grey,  olive- 
brownisb,  red  and  variegated  clays  with  masses  of  gypsum. 

6.  Nummulitic  limestones  with  shales  and  coal  at  base. 

The  series  is  said  to  be  parallel  and  conformable  from  the  pale 
limestones  upwards  to  the  top  of  the  Siwaliks. 

The  series  in  the  Jamu'  (Jummoo)  hills  appears  to  be  practically 
the  same,  except  that  the  Nummulitic  Limestone  is  much  less 
developed. 

In  the  Simla  region  the  Tertiaries  are  divided  into  two  distinct 
areas,  in  which  the  beds  are  of  different  ages,  though  they  may 
slightly  overlap  each  other.  The  first  area  forms  part  of  the  lower 
Himalayas  and  the  beds  constitute  the  so-called  Sirmur  series, 
divided  into 

1.  The  Kasaoli  group ;  grey  sandstones,  sandy  shales,  and  shales  containing  plant- 
remains. 

2.  The  Dagshai  group ;  hard,  fine-grained  sandstones  and  red  or  purple  nodular 
shales,  the  former  prevailing  in  the  upper  and  the  latter  in  the  lower  part  of  the 
group. 

>  Records  Geol.  Surv.  India,  vol.  x.  p.  112  (1877). 
2  Mem.  Oeol.  Surv.  India,  vol.  xzii.  chap.  v.  (1883). 
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3.  The  Snbatbu  group ;  oliye  g;Teeii,  my  and  red  sbales  and  subsidiary  bands  of 
saodstone  and  argillaceoiu  limestone,  wita  a  coal-seam  and  a  peculiar  ferruginous 
bed  at  tbe  base.    It  contains  Nummulites  and  other  marine  f ossiiB. 

The  second  area,  forming  part  of  the  sub-Himalayas,  is  diyided 
from  the  Sirmur  series  by  a  great  fault,  and,  in  many  places,  by 
a  narrow  strip  of  pre-Tertiary  beds ;  the  series  may  be  divided  as 
follows : 

1.  Upper  Siwalik ;  soft  sandstones  or  sandrock,  conglomerates  and  some  clays. 

2.  Lower  Siwalik;  soft  sandstones  or  occasionally  pebbly  sandstones,  and  clays 
mostly  grey,  but  sometimes  tinged  with  red,  especially  in  the  lower  part  of  the  group. 

3.  rfahan  group ;  firm  or  hard  sandstones  interbedded  with  clays  generally  nodular 
and  of  a  bright  red  colour,  which  are  more  abundant  in  the  lower  part  of  the  group 
than  in  the  upper.  ^ 

Tbe  series  in  the  two  areas  combined  appears  to  be  much  the  same 
as  in  the  MuiToe  hills.  The  Nummulitio  Limestone  is  not  developed, 
and  the  marine  deposits  are  much  less  in  thickness ;  but  there  can 
be  no  doubt  that  the  Snbathu  group  represents  the  Nummulitio 
groups  of  Mr.  Wynne.  The  Dagshai  and  Murree  groups  corre- 
spond so  closely  in  mineral  character  and  stratigraphical  position 
that  there  can  be  no  risk  of  error  in  correlating  them,  while  the 
two  upper  groups  in  the  north-west  are  evidently  the  equivalents 
of  the  three  groups  in  the  sub-Himalayas  of  the  Simla  region  and 
possibly  in  part  of  the  Easaoli  group  of  the  Sirmur  series. 

To  the  east  of  the  Ganges  there  are  a  few  small  outliers  of  the 
Subathu  group  faulted  and  folded  among  the  pre-Tertiary  beds  near 
their  southern  boundary  ;  but  with  this  exception  the  only  Tertiary 
beds  known  here  or  to  the  eastwards  are  confined  to  the  Nahan  and 
Siwalik  groups,* 

Besides  these  Tertiaries  of  the  Outer  Himalayas,  beds  of  the  same 
age  are  known  to  exist  at  several  places  to  the  north  of  the  main 
snowy  range ;  but  it  is  only  in  Cashmere  territory  that  they  have 
been  examined  in  any  detail.  In  the  Upper  Indus  Valley  the 
Nommulitics  may  be  briefly  described  as  consisting,  at  the  base,  of 
coarse-grained  sandstones,  arkose  beds  and  couglomerates,  considered 
by  Mr.  Lydekker  to  be  of  glacial  origin;  they  are  certainly  of 
littoral  origin,  and  indicate  the  close  proximity  of  the  original  limit 
of  deposition.  Above  these  come  red,  and  green  and  grey  shales,  of 
very  similar  type  to  those  of  the  Snbathu  group,  interbedded  with 
limestones ;  while  at  the  top  the  senes  consists  of  a  great  thickness 
of  beds,  mainly  volcanic  in  their  origin  and  basic  or  ultrabasic  in 
composition.' 

The  coarse-grained  beds  of  littoral  origin  are  confined  to  the 
north-eastern  boundary  of  the  exposure,  whose  south-western 
boundary  is  marked  by  great  disturbance,  and  is  in  effect  a  faulted 
one.  It  seems  then  that  to  the  north-east  the  original  limit  of 
deposition  was  not  far  removed  from   the  present  boundary,  but 

*  Comp.  Medlicott,  Mem.  Geol.  Sury.  India,  toI.  iii.  part  2,  chapa.  i.  and  iii.  ; 
also  Manual  of  Geology  of  India,  toI.  ii.  chap.  xxii. 

^  Oldham,  Rec.  GeoL  Surr.  India,  vol.  xvii.  p.  161  (1884) ;  Middlemiss,  Mem. 
Oeol.  Sunr.  India,  toI.  xxiT.  part.  ii.  1890. 

'  Mem.  Geol.  Surr.  India,  toI.  xxii.  chap.  y. 
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to  the  south-west  there  is  no  indication  of  the  original  limit  of 
deposition ;  and  the  small  outlier  in  the  Singhe  La,  between  Zanskar 
and  the  Indus  Valley,  is  described  by  Mr.  La  Touche  as  consisting 
of  a  foetid  limestone,  resting  directly  on  the  Secondary  quartzites 
without  the  intervention  of  any  beds  of  a  littoral  or  shallow-water 
origin.^  From  this  it  is  evident  that  the  land-surface  must  have 
been  far  to  the  southwards,  and  it  may  be  that  the  sea  extended 
over  the  whole  of  the  Himalayan  area  between  this  and  the  outcrops 
of  the  Subathu  group,  as  it  certainly  must  have  done  over  a  con- 
siderable portion  of  it 

Having  briefly  reviewed  the  geology  of  the  Himalayas  so  far  as 
is  necessary  to  make  what  follows  intelligible,  we  must  now  enter 
into  a  detailed  consideration  of  the  evidence.  It  is  not,  however, 
intended  to  give  here  anything  resembling  a  complete  account  of 
the  geology  of  the  Himalayas,  for  such  would  be  impossible  in  the 
space  available,  but  merely  to  notice  such  points  as  have  a  special 
connection  with  the  age  and  elevation  of  the  Himalayas. 

The  first,  most  important,  most  palpable  and  unmistakeable  point 
that  stands  out  is  that,  at  the  commencement  of  the  Tertiary  period, 
the  Himalayas  did  not  exist  as  a  distinct  mountain  range,  or  at 
least  that,  if  the  Himalayan  system  of  disturbance  had  commenced, 
it  had  not  extended  north-west  of  a  line,  drawn  transverse  to  the 
range,  through  the  debouchure  of  the  Ganges.  This  is  amply 
proved  by  the  occurrence  of  marine  nummulitios  in  the  heart  of  the 
Himalayas,  in  the  Upper  Indus  Valley  and  in  Zanskar,  at  heights  of 
19,000  to  20,000  feet  above  the  level  of  the  sea. 

But  besides  this  the  nature  of  the  contact  between  the  Nummu- 
litio  and  pre-Tertiary  beds  points  to  the  same  conclusion.  In  the 
Upper  Indus  Valley  the  Nummulitics  rest  directly  on  an  eroded 
surface  of,  presumably,  Archtean  gneiss ;  in  the  outer  hills,  however, 
they  rest  on  limestones  or  slates,  and  Mr.  Medlicott  has  noticed  how, 
both  near  Subathu  and  in  the  Jamu  Hills,^  wherever  the  boundary 
is  one  of  original  contact,  there  is  no  perceptible  divergence  of  dip 
between  the  Tertiary  and  pre-Tertiary  formations.  The  same  appears 
to  be  the  case  with  the  outliers  in  Oarhwal,  and  this  shows  that, 
though  the  older  rocks  had  been  denuded  before  the  Nummulitics 
were  deposited,  they  had  not  at  that  time  l>een  seriously  disturbed, 
and  that  their  position  was  practically  one  of  horizon  tali ty. 

It  is  true  that,  in  his  recently  published  memoir,  my  colleague, 
Mr.  Middlemiss,  has  shown  good  reason  for  believing  that,  at  the 
commencement  of  the  Tertiary  period,  the  pre-Tertiary  beds  were 
not  everywhere  so  slightly  disturbed  as  the  contact  with  the 
Nummulitios  would  indicate.'  But  the  Himalayan  area  is  a  large 
one,  and  it  would  be  unnatural  to  suppose  that  there  had  been  no 
disturbance  of  any  part  of  it  before  the  commencement  of  the 
Tertiary  period;  while  the  evidence  produced  by  Mr.  Middlemiss 

*  Rec.  Geol.  Surv.  India,  vol.  ixi.  p.  161. 
'  Rec.  Geol.  Suit.  Ind.  vol.  ix.  p.  54. 
'  Mem.  Geol.  Surv.  Ind.  vol.  xxiv.  p.  184. 
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shows  that  the  pre-Tertiary  disturhance  was  transTerse,  and  did  not 
belong  to  that  which  has  resulted  in  the  elevation  of  the  Himalajas. 
It  may  be  that  in  Kumaon  and  Garhwal  this  last  had  already 
oommenoed  when  the  Nummulitios  were  being  deposited  and  only 
extended  to  the  north-west  at  a  later  period;  but  there  is  no 
evidence  to  show  that  it  could  have  commenoed  before  the  end  of 
the  Secondary  period ;  and  the  early  Palaaozoic  or  still  earlier  date, 
to  which  Mr.  Middlemiss  would  seem  inclined  to  refer  the  first 
origin  of  the  Himalayas  as  a  mountain  range,  is,  to  say  the  least, 
extremely  improbable. 

Besides  the  stratigraphioal  evidence  of  the  absence  of  disturbance, 
there  is  everywhere,  from  the  Jamu  Hills  to  the  outliers  east  of  the 
Ganges,  a  peculiar  pisolitic,  ferruginous  bed,  which  invariably  oocura 
at  the  base  of  the  Subathu  group.  In  mineral  and  chemical  character 
this  closely  resembles  the  laterite  of  the  Peninsula  and  the  laterite 
beds,  which  occur  interbedded  with  the  Numraulitics  of  Cutch  and 
Sind,  and  must  probably  be  referred  to  the  same  source  of  origin. 
The  origin  of  the  latente  of  the  Peninsula  is  still  a  vexed  question, 
which  has  been  much  complicated  by  the  very  loose  manner  in 
which  the  term  has  been  used ;  but  the  balance  of  evidence  seems 
to  show  that  the  true  laterite  is  in  some  way  or  other  connected 
with  the  Deccan  Traps,  and  is  directly  or  indirectly  the  result  of 
an  alteration  of  them  or  their  detritus.  If  this  same  source  of 
origin  is  accepted  for  the  ferruginous  bed  at  the  base  of  the  Subathu 
group,  it  follows  that  the  present  distinction  between  Peninsular  and 
Extra-peninsular  areas  had  not  been  established  in  Eocene  times, 
and,  consequently,  that  the  system  of  disturbance  of  which  it  is  the 
result  must,  at  the  outside,  only  have  commenced  when  the  Subathu 
group  was  being  deposited. 

In  this  connection  the  occurrence  of  Oondwana  rocks  of  Penin- 
sular type  in  Sikkim  and  the  Eastern  Himalayas  is  important. 
Unfortunately  nothing  is  known  of  the  great  area  of  Nepaul,  which 
occupies  the  middle  third  of  the  length  of  the  Himalayas;  but 
Sikkim  cannot  in  any  way  be  regarded  as  a  terminal  area,  and  the 
occurrence  of  Peninsular  beds  of  latest  Palsoozoic  or  early  Secondary 
age^  shows  that  the  present  limits  between  the  Peninsular  and 
Himalayan  areas  cannot  have  been  established  until  the  Secondary 
period  at  the  earliest 

A  further  insight  into  the  history  of  the  commencement  and 
progress  of  the  elevation  of  the  Himalayas  may  be  derived  from  a 
study  of  the  structure  of  the  sub- Himalayan  ranges. 

In  the  region  west  of  the  Jhelum  the  structure  of  the  ground 
does  not  enable  us  to  decide  with  certainty  at  what  date  the 
Himalayan  system  of  disturbance  invaded  that  area;  but,  so  far 
as  can  be  judged,  the  beds  appear  to  have  undergone  but  little 
compression  till  towards  the  end  of  the  Tertiary  period. 

In  the  Jamu  Hills  we  find  the  typical  sub-Himalayan  structure 

^  Mallet,  Mem.  Geo!.  Stur.  India,  toI.  xi.  part  i. ;  see  also  Godwin- Austen, 
Joum.  Asiatic  Soc.  Bengal,  part  ii.  yoI.  xxxviii.  p.  161 ;  La  Tonche,  Records  Geol. 
Snrr.  India,  vol.  zyiii.  p.  121. 
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has  commenoed,  though  not  so  fully  developed  as  farther  to  the 
south-east.  Next  to  the  pre-Tertiary  rocks  of  the  Himalayas  proper 
oomes  a  hroad  zone,  principally  formed  of  the  Murree  group, 
at  the  outer  margin  of  which  rise  some  inliers  of  pre-Tertiary 
(Carboniferous  ?)  limestone,  overlaid  by  the  marine  Subathu  group, 
while  near  the  inner  boundary,  with  the  pre-Tertiary  rocks,  there 
are  some  outliers  of  Upper  Siwalik  clays  and  conglomerates.  The 
general  section  from  S.W.  to  N.E.  is  therefore  an  ascending  one, 
and  both  boundaries  of  this  zone  are,  in  effect,  great  faults  with 
an  upthrow  on  the  Himalayan  side.  Between  this  zone  of  Murree 
beds  and  the  alluvium  of  the  plains  there  comes  a  band  of  Upper 
Tertiaries,  which,  on  the  only  published  maps,  are  divided  into  an 
inner,  older,  and  an  outer,  newer  zone ;  but  there  is  no  indication  of 
the  nature  of  the  boundary. 

After  leaving  the  Jamu  Hills,  the  zone  of  Lower  Tertiaries 
becomes  much  restricted  in  width,  till  we  reach  the  Simla  region. 
Here  the  Lower  Tertiaries,  forming  the  Sirmur  series,  are  distinctly 
separated  from  the  Upper  Tertiaries  or  Nahan  and  Siwalik  groups. 
The  boundary  is  a  great  reversed  fault,  and  along  nearly  the  whole 
length  of  it  the  two  divisions  are  not  in  contact,  but  separated  by 
a  band  of  pre-Tertiary  slates  and  limestones.  The  beds  of  the 
Sirmur  series  have  partaken  of  the  intense  disturbance  of  the 
pre-Tertiary  beds,  with  which  they  are  folded  up  in  the  most  com- 
plicated manner,  and  the  northern  boundary  is  no  longer  a  single 
well-defined  fault,  to  the  north  of  which  there  are  no  outliers.  But 
the  most  important  point  to  notice  is  that  in  the  area  occupied  by 
the  Sirmur  series  there  is  no  trace  of  the  Upper  Tertiary  groups, 
which  were  either  never  deposited  or  have  been  completely  removed 
by  denudation. 

Still  further  to  the  south-east,  the  small  outliers  in  Grarhwal  only 
exhibit  the  remains  of  the  Subathu  group,  no  representative  of  the 
two  Upper  groups  of  the  Sirmur  series  being  found. 

The  explanation  of  these  facts,  which  has  been  adopted  by  every 
observer  of  the  ground  in  question,  is  that  the  disturbance  of  the 
Himalayas  gradually  advanced  from  S.E.  to  N.W.,  and  that  the 
missing  upper  groups  were  never  deposited  over  the  outliers  owing  to 
the  elevation  resulting  from  this  disturbance.  There  is  ample 
corroborative  evidence  to  prove  the  truth  of  this  hypothesis ;  but 
the  same  result  is  arrived  at  even  if  we  suppose  that  the  full 
sequence  of  deposits  was  formed  everywhere  alike,  for  the  condition 
of  the  Simla  area  is  such  as  would  result  from  a  greater  elevation 
and  denudation  of  the  Jamu  area,  while  the  outliers  in  Garhwal 
might  result  from  a  still  further  extension  of  the  same  processes. 
But  as  both  elevation  and  denudation  take  time,  and  as  the  con- 
ditions of  the  three  areas  with  regard  to  denudation  at  least  are 
substantially  similar,  we  reach  the  same  conclusion  as  before,  that 
the  elevation,  and  consequently  the  denudation  of  the  Garhwal  area 
must  have  commenced  before  that  of  the  Simla  area,  and  this  again 
before  that  of  the  Jamu  Hills. 

Before  passing  on  to  a  consideration  of  the  evidence  of  the 
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Siwalik  groups,  it  will  be  well  to  briefly  examine  the  nature  and 
distribution  of  the  deposits  now  being  formed  along  the  foot  of  the 
Bimalayas.  Along  the  outer  margin  of  the  hills  there  is  every- 
where a  zone  of  gravel  and  boulder  deposits ;  near  the  debouchure 
of  the  great  rivers  this  consists  of  well-rounded  fragments  of 
crystalline  rocks,  quartzite,  and  some  limestone;  where  there  are 
no  large  rivers,  the  fragments  are  less  rounded,  and  consist  of  the 
rocks  exposed  within  the  drainage-area  of  the  streams  flowing  dowa 
from  the  hills.  The  similarity  of  these  gravels  to  those  brought 
down  at  the  present  day,  and  the  fact  that  their  diversity  is  matched 
by  that  of  the  gravels  of  the  existing  streams,  leaves  no  room  for 
doubt  that  they  deposited  the  gravels  even  in  those  districts  where 
they  have  since  cut  deep  channels  through  their  old  deposits. 

Outside  the  zone  of  boulders  and  gravel  comes  a  region  of  sands, 
of  various  degrees  of  fineness,  and  outside  this  again  the  clays  and 
fine  silts  which  form  the  bulk  of  the  Gangetio  aUuvium. 

It  must  not  be  understood  that  this  division  into  three  zones  is 
absolute.  Sand  and  clay  are  occasionally  found  close  up  to  the  foot 
of  the  hills,  even  near  the  debouchures  of  the  great  rivers,  but  none 
the  less  it  truly  represents  the  general  disposition  of  the  recent 
deposits.  The  width  of  the  zones  is  not  constant,  and  the  boulder 
and  gravel  zone  in  particular  expands  opposite  the  debouchures  of 
the  great  rivers.  With  all  these  local  variations  the  main  fact 
remains,  that  on  any  line  drawn  transverse  to  the  boundary  of  hill 
and  plain,  the  deposits,  omitting  minor  variations  and  local  excep- 
tions, decrease  in  coarseness  as  we  pass  away  from  the  hills,  that  the 
coarse  deposits  of  gravel  and  boulders  are  confined  to  the  immediate 
neighbourhood  of  the  boundary,  and  that  it  is  only  near  the  debou- 
chure of  the  principal  rivers  that  these  are  composed  of  large  and 
well-rounded  fragments  of  hard  crystalline  and  metamorphio  rocks.^ 

Beturning  now  to  the  Siwalik  deposits,  we  find  that  the  same 
relation  between  the  composition  of  the  gravels  and  the  existing 
drainage  system  which  is  exhibited  by  the  recent  deposits  of  the 
northern  margin  of  the  plains,  has  also  been  noticed  by  every 
observer  in  the  conglomerates  of  Upper  Siwalik  age. 

In  the  neighbourhood  of  the  Jumna  and  Ganges  rivers  we  find 
a  great  development  of  conglomerates,  composed  of  well-rounded 
boulders  of  crystalline  and  metamorphio  rocks.  East  of  the  Ganges, 
there  comes  a  tract  where  the  watershed  is  only  a  few  miles  removed 
from  the  edge  of  the  hills,  and  coincident  with  this  there  is  a  narrow- 
ing of  the  Siwalik  zone,  and  a  cessation  of  the  thick  deposits  of 
sandstone  and  conglomerate,  till  the  Eamganga  and  Kosi  rivers 
are  reached.  Here  the  Siwalik  beds  again  attain  a  great  width  and 
thickness,  and  there  is  a  large  development  of  conglomerates.' 

In  the  country  between  the  Ganges  and  the  Jumna  the  con- 
glomerates are  largely  developed  and  extend  for  some  little  distance 

'  Bonlder  gravels  composed  of  well-rounded  blocks  of  hard  rock  are  also  foand 
in  the  beds  of  streams  draining  from  the  Upper  Siwalik  conglomerates ;  but  such 
exceptions  are  obTious. 

*  MiddlemisB,  Mem.  Geol.  Sory.  India,  vol.  zxiv.  pt.  2. 
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west  of  the  Jumna  :  bnt  further  west,  in  the  country  south  of  Nahan, 
the  conglomerates  not  only  decrease  in  thickness,  but  change  their 
character.  The  well-ronnded  boulders  of  crystalline  rocks  cease, 
and,  in  their  place,  we  find  imperfectly  rounded  fragments  of  lime- 
stone, slate,  and  quartzite  derived  from  the  Lower  Himalayas,  mixed 
with  a  large  proportion  of  fragments  of  Lower  Tertiary  sandstones. 

Where  the  Sutlej  passes  out  through  the  Siwalik  area,  there  is 
again  a  large  development  of  Upper  Siwalik  conglomerates  and  the 
same  features  of  a  prevalence  of  conglomerates  near  the  great  rivers, 
and  their  absence  away  from  them,  continues  all  the  way  to  the 
Jhelum.^ 

This  peculiarity  in  the  distribution  of  the  Siwalik  conglomerates 
shows  that  not  only  are  the  Siwalik  beds  of  subaerial  origin;  but 
that,  when  they  were  formed,  the  Himalayas  existed  as  an  elevated 
region  whose  main  features  of  hydrography  had  already  been  marked 
out,  and  further  the  occurrence  of  coarse  conglomerates,  which  could 
only  have  been  deposited  in  the  immediate  neighbourhood  of  the 
limit  of  hill  and  plain,  shows  that  the  southern  margin  of  the 
former  must  at  that  time  have  been  approximately  the  same  as  the 
present  boundary  between  the  rocks  of  the  Himalayas  and  of 
the  Siwalik  series. 

Taking  all  these  considerations  into  account,  the  conclusion  becomes 
inevitable  that  the  Siwalik  beds  were  deposited  subaerially  and  under 
conditions  similar  to  those  of  the  recent  deposits  along  the  foot  of 
the  Himalayas ;  that  the  latter  existed  as  a  mountain  range,  com- 
parable to  that  now  existing,  in  which  the  main  features  of  its 
hydrography  had  already  been  marked  out ;  and  consequently  that 
the  original  northerly  extension  of  the  Siwaliks  cannot  have  very 
far  overstepped  their  present  northern  boundary. 

The  thickness  of  these  subaerially  formed  beds  varies  considerably, 
but  is  always  great ;  from  ten  to  twenty  thousand  feet  and  perhaps 
more  in  places;  and  as  they  now,  after  having  been  compressed, 
disturbed  and  elevated,  do  not  occur  at  a  height  of  more  than  a  few 
thousand  feet  above  the  sea,  it  is  evident  that  they  must  have  been 
deposited  in  an  area  of  continuous  subsidence,  which  approximately 
kept  pace  with  the  deposition.  On  the  other  hand,  the  Himalayan 
area,  as  I  shall  subsequently  show,  has  been  in  a  state  of  continuous 
elevation  throughout  the  Tertiary  period,  and  this  elevation  has  more 
than  kept  pace  with  the  denudation  of  the  surface.  We  have  con- 
sequently two  parallel  regions,  one  of  elevation  accompanied  by 
denudation;  the  other  of  deposition  accompanied  by  subsidence, 
and  we  will  now  investigate  the  nature  of  the  boundary  between 
them. 

Everywhere  along  the  Himalayas  the  present  boundary,  between 
the  Upper  Tertiary  beds  and  those  of  pre-Tertiary  age,  is  a  gigantic 
reversed  fault  It  is  one  of  the  most  conspicuous  structural  features 
of  the  Himalayas,  and,  except  for  the  outliers  of  Lower  Tertiary 
beds  in  the  Simla  district  and  in  Garhwal,  and  the  inliers  of  pre- 
Tertiary  rocks  in  Jamu,  forms  an  absolute  line  of  demarcation  between 
^  Medlicott,  Bee.  GeoL  Surr.  India,  vol.  ix.  p.  67. 
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the  Tertiary  and  pre-Tertiary  formations.  In  Mr.  Medlicott's  memoir 
this  great  fault  was  called  the  ''main  boundary  " — a  name  which  has 
been  foand  so  convenient  that  it  has  frequently  since  been  used  in 
the  publications  of  the  Geological  Survey  of  India,  and  will  be 
retained  here  in  the  sense  indicated  above. 

This  main  boundary  fault  is  almost  everywhere  a  clean  cut 
fracture,  generally  reversed,  and  as  a  rule  the  rocks  on  either  side 
show  little  or  no  signs  of  that  crushing  which  one  would  expect  to 
have  accompanied  so  great  a  displacement  As  we  have  seen,  it 
marks,  approximately  at  least,  the  limit  between  what  was,  in 
Siwalik  times,  an  area  of  subsidence  and  an  area  of  elevation,  and 
it  is  not  unreasonable,  on  this  ground  alone,  to  suppose  that  it  was 
the  actual  boundary,  and  formed  part  ^assu  with  the  deposition  of 
the  beds  to  the  south. 

But  the  main  boundary  is  not  the  only  fault  of  its  kind,  though, 
the  most  remarkable ;  for,  both  in  the  Himalayan  and  sub-Himalayan 
areas,  there  are  similar  great  faults  with  an  upthrow  on  the 
Himalayan  side,  which  have  been  held  to  mark  successive  stages 
in  that  southerly  advance  of  the  mai^n  of  the  hills,  which  is 
sufficiently  proved  by  the  elevation  of  the  Siwalik  beds,  originally 
deposited  in  the  plains  along  the  foot  of  the  Himalayas. 

This  supposition  derives  considerable  support  from  a  consideration 
of  the  nature  of  the  boundary  between  the  disturbed  Upper  Siwaliks 
and  the  recent  deposits  of  the  plains.  With  a  few  exceptions  where 
uppermost  Siwalik  conglomerates  dip  towards  and  under  the  recent 
gravels,  the  boundary  is  a  well-defined  one,  and  the  undisturbed 
recent  gravels  are  in  contact  with  disturbed  sandstones  from  which 
several  thousand  feet  of  overlying  strata  have  been  removed  by 
denudation.  There  are  no  great  irregularities  of  the  boundary  or 
deep  embayments  of  the  recent  deposits,  such  as  would  result  from 
a  subsidence  of  the  hills  and  an  encroachment  of  the  recent  deposits, 
such,  in  fact,  as  are  seen  on  the  southern  margin  of  the  alluvium. 
The  beds  of  which  the  hills  are  formed  are  precisely  similar  in 
character,  and  were  deposited  under  circumstances  identical  with 
those  of  the  present  submontane  deposits ;  and  this,  taken  in  con- 
junction with  the  outline  of  the  boundary,  leads  one  naturally  to  the 
conclusion  that  the  latter  is  a  structural  one,  and  that  the  hills 
have  slowly  and  contemporaneously  been  undergoing  elevation  and 
denudation.  At  the  same  time  the  greater  bulk  of  the  debris 
washed  down  from  them  has  been  deposited  near  their  foot,  and,  to 
make  room  for  this  vast  quantity  of  debris,  the  latter  area  must 
have  been  slowly  subsiding.  We  have  consequently,  in  close 
contiguity  with  each  other,  an  area  which  has  been  subject  to 
elevation,  and  one  which  has  been  subject  to  depression,  the 
boundary  between  the  two  being  necessarily  analogous  to  those 
fanlts  with  an  upthrow  to  the  north  which  intersect  the  sub- 
Himalayan  region,  and  to  the  great  boundary  fault  which  limits  it 
on  the  north.^ 

^  This  question  is  more  fully  treated  by  my  colleague,  Mr.  Middlemiss,  in  his 
recently  published  memoir,  Mem.  Geol.  Surr.  Ind.  vol.  zziy.  pt.  ii. 
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In  all  tbe  seotions  of  the  sub-Himalayan  beds  there  is  a  marked 
and  steady  inorease  in  coarseness  of  texture  as  we  ascend  the  section. 
This  feature  is  everywhere  observable  in  the  sub-Himalayan  sections, 
and  even  iii  the  Sirmur  series  of  the  Simla  Hills  there  is  a  steady 
increase  in  the  proportion  of  sand  to  shale  from  the  purely  argilla- 
ceous Subathu  group  to  the  chiefly  arenaceous  Easaoli  group.  This 
gradual  upward  increase  in  coarseness  of  texture  on  any  one  section 
18  an  inevitable  result  of  the  gradual  southward  extension  of  the  hill 
area;  for  by  it  the  region  of  fine-grained  silts  is  brought  within 
reach  of  the  sand,  and,  finally,  of  the  shingle  deposits.  But  besides 
the  increase  in  coarseness  of  texture  on  each  section,  it  is  an  indubit- 
able fact  that  the  texture  of  the  coarsest  beds  of  each  group  or 
division  increases  with  its  decrease  in  age,  and  this  appears  to  me  to 
be  due  to  a  gi'adual  increase  in  the  average  size  of  the  debris  brought 
down  by  the  Himalayan  streams. 

I  have  already  shown  that  in  Eocene  times  the  North- West 
Himalayas  did  not  exist,  and  that  in  Siwalik-Pliocene  times  there 
was  a  mountain  range  whose  hydrography  agreed  with  that  of  the 
present  day  in  its  main  features,  and  that,  to  judge  by  the  nature  of 
the  burden  carried  by  the  rivers,  this  range  must  have  been  com- 
parable in  elevation  and  extent  to  the  present  Himalayas.  During 
the  Tertiary  period,  then,  tbe  Himalayas  were  in  process  of  elevation, 
and  it  is  natural  to  suppose  that,  during  the  earlier  part  of  this 
process,  the  gradients  of  the  streams  and  their  powers  of  trans- 
portation would  be  less  than  at  a  later  period,  and  that,  consequently, 
no  great  deposits  of  ooarse  gravel  could  be  found.  This  supposition 
derives  great  support  from  the  fact  that  throughout  the  great  thickness 
of  the  Dagshai  and  Easaoli  groups,  and  of  the  Murree  group,  not  a 
single  pebble  has  been  found,  while  with  one  very  doubtful  excep- 
tion ^  no  conglomerates  of  Nahan  age  are  known. 

In  the  foregoing  passages  it  has  been  tacitly  assumed  that  elevation 
has  always  been  accompanied  and  caused  by  disturbance  of  the  beds 
elevated,  and  such,  in  the  main,  is  the  case.  There  are,  however, 
recent  undisturbed  gravels  which  rise,  in  the  sub-Himalayan  region, 
to  heights  of  500  feet  above  the  present  river-beds  and  seem  to 
indicate  that  there  has  been  a  certain  amount  of  elevation  unaccom- 
panied by  disturbance  of  the  horizon tality  of  the  beds  elevated.  So, 
too,  the  foBsiliferous  Pleistocene  deposits  of  Hundes  have  probably 
been  elevated  without  disturbance  to  some  extent,  though  not  so 
much  as  was  supposed  by  the  earlier  observers.*  With  these  sub- 
sidiary exceptions,  which  do  not  aflfeot  the  general  principle,  it  is 
true  that,  in  the  Himalayas,  elevation  has  always  been  a  result  of 
the  compression  and  disturbance  of  the  beds  elevated. 

*  Mem.  Geol.  Survev  India,  vol.  iii.  part  ii.  p.  136. 

»  Lydekker,  Eec.  Geol.  Survey  of  India,  vol.  xiv.  pp.  178-183  (1881). 

{To  be  continued.) 
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By  J.  G.  GooDCHiLD,  F.G.8.,  of  H.M.  GeoL  Surrey, 
Lecturer  on  Geology  and  Palasontology  at  the  Heriot-Watt  College. 

AMONGST  the  many  useful  tables  given  in  Prof.  Prestwioh's 
"  Geology  "  is  one  on  the  expansion  and  oontraction  of  ice 
nnder  variations  in  temperature  (vol.  i.  pp.  139  and  183).  The  table 
in  question  is  abbreviated  from  one  of  greater  length,  which  was 
published  in  the  year  1845  by  Carl  Brnnner  von  Wattenwyll  in  the 
Annates  de  Ckimie  et  de  Physique,  3"«  ser.  tome  14,  pp.  869-878, 
under  the  title  of  "  Experiences  sur  la  densite  de  la  glaoe  a  differentes 
temperatures."  The  autlior  of  the  paper  referred  to  made  an  ex* 
tensive  series  of  observations  upon  the  contraction  of  toe  under 
various  temperatures  below  the  freezing-point ;  and  he  proved  con<> 
clusively  that,  under  these  circumstances,  the  oontraction  of  ice 
exceeds  that  of  all  other  solid  bodies  that  had  (up  to  the  date  of 
the  paper)  been  studied  in  this  connection.  Taking  the  density 
of  pure  water  at  (F  Centigrade  as  unity,  then  the  contraction  in 
question  for  a  fall  of  each  degree  Centigrade  is  expressed  by  the 
decimal  figures  in  the  right-hand  oolumn  of  the  following  table 
{op,  eit  p.  378)  :— 


TemperatTure. 

Dentitjofloe. 

Tempemtare. 

DeMltjoflos. 

0*"  Centigrade. 

0-91800 

—11  Centigrade. 

0-91924 

—1 

0*91812 

-12 

0-91936 

—2 

0-91823 

—13 

0-91946 

—3 

0-91834 

—14 

0-91957 

—4 

0-91845 

-16 

0-91968 

—6 

0-91866 

—  16 

0*91980 

-6 

0-91868 

—17 

0-91991 

-7 

0-91879 

—18 

0-92002 

—8 

0-91890 

—19 

9-92013 

-9 

0-91901 

—20 

0-92025 

—10 

0-91912 

1 

In  connexion  with  this  table  the  author  adds  that  the  mean 
conlraction  for  a  fall  in  temperature  of  every  degree  Centigrade  is 
0-0000375,  or  ttHtt. 

If  the  density  of  the  ice  increases  from  0*91800  at  the  freezing- 
point  to  0-92025  as  the  temperature  falls  to  — 20°  Centigrade,  then, 
of  course,  the  density  will  diminish,  or,  what  is  the  same  thing, 
the  bulk  will  increase,  proportionately,  as  the  temperature  of  the 
ioe  rises. 

M.  Brunner's  testimony  does  not  stand  uncorroborated ;  for  Prof. 
Prestwich  adds  to  his  summary  of  the  paper  (Geology,  vol.  i.  pp, 
139,  140)  some  important  observations  by  Dr.  Rae  upon  the  ice  of 
the  Arctic  American  lakes,  which  bear  upon  the  same  question* 
These  observations  prove,  beyond  the  possibility  of  doubt,  that  ice 
does  contract  greatly  under  low  temperatures;  and,  also,  that  as 
the  temperature  rises  towards  zero  Centigrade,  the  ice  does  undergo 
a  corresponding  increase  in  volume. 
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Professor  Prestwioh,  in  sammarizing  the  results  of  these  obser- 
vations, points  out  the  importance  of  their  bearing  upon  theories  of 
glaoier  motion;  but  in  doing  so  he  takes  into  account  the  effects 
of  changes  of  temperature  of  ioe  arising  only  from  what  one  may 
term  subaerial  causes.  These  causes,  diurnal,  or  seasonal,  etc., 
variations  of  temperature  must,  of  course,  play  a  very  important 
part ;  but  their  effects  are  most  marked  at  or  near  the  surface,  and 
cannot  directly  affect  the  movements  of  the  lower  parts  of  the  ice  to 
any  appreciable  extent 

But  differences  in  temperature  of  large  bodies  of  land-ice  are 
not  by  any  means  necessarily  connected  with  the  effects  of  solar 
heat,  or  of  other  causes  acting  from  the  upper  surface  of  the  ice 
downwards.  However  low  the  surface  temperature  of  a  thick 
mass  of  ice  may  f&ll,  its  internal  temperature  will  not  every- 
where be  the  same  as  at  the  surface.  Observation  and  experiment 
alike  have  proved  that  the  cold-waves  (those  below  0°  Centigrade) 
affect  the  surface  layers  most,  and  that  their  effects  become  less 
and  less  marked  as  the  cold-waves  are  propagated  further  into 
the  ice.  Eventually,  the  cold-waves  travel  downwards  to  a  zone 
where  they  hardly  lower  the  temperature  of  the  ice  at  all.  The 
position  of  this  zone  in  relation  to  the  surface  varies^  of  course, 
with  the  degree  of  cold  prevailing  at  the  particular  place  under 
observation.  There  is  thus  within  every  thick  mass  of  land-ice 
a  zone  below  which  diurnal  or  seasonal  variations  of  temperature 
may  be  said  to  produce  no  appreciable  effect.  Above  that  zone, 
when  the  temperature  falls  below  the  freezing-point,  contraction 
takes  place.  Where  the  cold  is  most  felt,  t.e.  at  the  surface,  the 
contraction  is  greatest,  and  there  the  ice  snaps,  unless  the  downhill 
flow  of  the  adjoining  ice  at  a  higher  level  is  sufficient  to  relieve  the 
tension.  From  the  surface  such  cracks  extend  downward,  gradually 
diminishing  in  width  as  the  downward  effects  of  the  cold-waves 
diminish,  until  they  die  out  altogether  and  terminate  downward  in 
unbroken  ice.  Water  flows  into  the  cracks,  freezes,  and  the  expansive 
force  thus  exerted  helps  to  thrust  forward  the  ice  on  the  downhill 
side,  or  wherever  else  may  happen  at  that  spot  to  be  the  direction  of 
least  resistance ;  and  in  this  way  the  ice  is  made  to  flow.  A  rise  of 
temperature  brings  about  a  general  expansion  of  the  upper  part 
of  the  ice,  and,  consequently,  also  forces  it  to  flow  in  the  direction 
of  least  resistance  from  this  cause  as  well  as  from  the  others. 

But  a  flow  of  the  surface  layers  of  ice — extending  downward  at 
the  most  perhaps  not  more  than  a  few  hundred  feet— will  hardly 
satisfy  the  requirements  of  those  geologists  who  are  familiar  with 
the  effects  of  ice-action  in  well -glaciated  regions.  Every  field- 
geologist  who  has  spent  many  years  in,  say.  North  Wales,  the  North 
West  of  England,  or  in  Scotland,  must  feel  that,  somehow  or  other, 
the  bottom  of  the  Ice-sheet  must  have  flowed,  and  must  have  moved 
steadily,  and  with  nearly-uniform  directions  of  movement,  long 
enough  to  admit  of  the  stone-shod  sole  of  the  Ice-sheet  scoring  deep 
and  wide  grooves  upon  the  surfaces  of  even  the  toughest  of  rocks. 
M.  Brunner  did  not  follow  up  his  researches ;  but  his  conclusions 
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Bhonld  do  muoli  to  convince  even  those  who  are  not  field-geologists 
that  the  lower  parts  of  masses  of  laud- ice  really  do  move  forward, 
and  are  therefore  qaite  competent  to  score  the  rock-surface  over 
which  they  pass,  and  to  score  it  to  almost  any  extent. 

Let  us  consider  what  happened  with  any  of  the  larger  afflaenta 
of  the  Ice-sheet  in,  say,  North  West  Yorkshire,  or  in  Cumberland 
and  Westmorland.  During  the  Glacial  period  every  one  of  the 
valleys  in  those  parts  was  filled  to  the  brim  with  masses  of  ice, 
which,  in  most  cases,  can  be  shown  to  have  moved  outwards  from 
the  mountain  centres  towards  the  lowlands.  The  inland  and  uphill 
movements,  which  affected  certain  parts,  were  exceptional,  and  took 
place  only  at  or  near  the  climax,  just  before  the  Ice-sheet  began  to 
melt  away,  and  long  after  most  of  the  glacial  erosion  had  been 
accomplished.  There  is  reason  for  believing  that  for  a  long  period 
the  thickness  of  the  ice  in  places  was  not  less  than  two  thousand 
feet.  All  the  rock  previously  carried  seaward  by  subaerial  denuda- 
tion from  those  valleys  was  thus  replaced,  as  it  were,  by  a  solid 
mass  of  other  material, — ice.  Doubtless,  in  those  days,  as  is  the  case 
with  the  smaller  glaciers  of  to-day,  the  surface  layers  were  slowly 
impelled  downhill  and  seawards  by  the  alternate  expansion  and 
contraction  of  the  ice,  aided  by  the  expansive  action  of  water 
freezing  in  crevasses,  as  well,  of  course,  by  the  pressure  of  the 
higher  masses  of  ice  behind.  All  these  forces,  acting  separately  or 
in  combination,  tend  to  make  the  line  of  swiftest  flow  coincide  with 
the  centre  line  of  the  upper  layers  of  each  stream. 

The  tendency  to  flow  most  rapidly  nearest  the  surface  is,  however, 
counteracted  by  other  causes.  Every  one  seems  to  have  overlooked 
the  fact  that  when  a  deep  valley  is  filled  by  ice,  that  ice  tends  to 
act  in  much  the  same  way  in  conducting  terrestrial  heat  outwards 
towards  the  surface  as  if  there  were  rock  there  in  the  valley  instead 
of  ice.  The  isogeotherras  in  such  a  case,  instead  of  following  nearly 
the  contour  of  the  valley  as  they  would  do  if  the  ice  were  absent, 
would  be  carried  to  a  higher  level,  whose  exact  position  would  vary 
with  the  thickness  of  the  ice  and  with  the  surface-temperature  for 
the  time  being.  In  other  words,  the  lines  of  equal  subterranean 
temperature  of  the  rocks  forming  the  sides  of  the  valley  would 
enter  the  adjoining  ice  itself,  and  would  connect  the  isogeotherm  of 
one  side  of  the  valley  with  its  corresponding  line  on  the  other  by 
a  downward  curve,  which  would  run  through  the  lower  part  of  the 
ice,  instead  of  through  the  rock  below  upon  which  it  lay. 

While  the  surface-temperature  and  the  terrestrial- temperature 
were  alike  in  degree,  it  seems  possible  that  there  might  be  no 
movement  of  the  ice  at  all,  except  that  due  to  the  downhill  impulse 
derived  from  heavier  masses  at  a  higher  level.  Where  the  surface 
conditions  were  such  as  those  described  near  the  commencement  of 
this  paper,  then  the  locus  of  swiftest  flow  tended  to  the  surface. 
But  when,  as  must  generally  have  happened  during  the  Glacial 
period,  the  surface  of  the  ice  was  kept  in  a  prolonged  state  of 
contraction  through  extreme  cold,  the  higher  temperatures  prevailing 
in  the  parts  of  the  ice  nearer  the  bottoms  of  the  valleys  caused  the 
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ice  there  to  expand  more  than  the  colder  ice  overlying,  and  therefore 
to  move  in  the  direction  of  least  resistance.  That  direction  of  least 
resistanoe  mast,  under  these  circumstances,  usually  remain  near  the 
hottoms  of  the  valleys,  and  it  must  tend  to  he  modified  (1)  hy  the 
form  of  the  surface  adjoining;  (2)  hy  the  position  of  the  main 
feeders  of  that  particular  ice-stream  ;  and  (3)  by  the  situation  of  the 
terminal  portions  of  the  glacial  stream  itself. 

Another  factor  comes  in  here.  The  movement  of  a  thick  mass  of 
ice  under  enormous  pressure  (25  tons  per  square  foot  for  every 
thousand  feet  of  thickness  of  ice)  must  result  in  the  conversion  of 
part  of  the  force  so  exerted  into  heat.  This  in  its  turn  brings 
about  a  still  further  expansion  of  the  parts  of  the  ice  in  direct 
contact  with  the  rock,  and  thus  contributes  still  further  to  the 
erosion  that  is  being  accomplished  by  these  means.  Indeed,  it 
appears  to  me  more  than  likely  that,  when  once  the  movement  of 
the  lower  strata  of  the  ice  is  set  up,  terrestrial  radiation  on  the 
one  hand,  and  the  heat  generated  by  the  enormous  friction  on  the 
other,  tend  to  impel  the  sole  of  the  ice  forward  with  much  more 
regularity,  and  with  much  greater  evenness  of  motion,  than  can  be 
shown  to  obtain  in  any  part  of  the  surface  of  any  glacier  that  has 
yet  been  carefully  examined. 

It  appears  to  me  that  this  view  of  the  causes  that  determine  the 
flow  of  land-ice  will  enable  us  readily  to  understand  the  origin  of 
many  phenomena  of  denudation  which  northern  field-geologists 
have  long  agreed  to  refer  to  glacial  action,  although  no  one  has 
explained  satisfactorily  how  those  results  were  accomplished.  Lake 
basins ;  the  remarkable  terraces  and  scars  of  Wensleydale,  etc. ;  the 
corries  or  coums  so  characteristic  of  glaciated  districts ;  the  great 
glacial  ruts  so  well  seen  near  Appleby,  for  example,  or  near 
Edinburgh,  can  each  and  all  be  readily  enough  accounted  for  if  we 
extend  M.  Brunner's  observations  to  their  proper  conclusion,  and 
assume  that  the  flow  of  a  large  mass  of  Innd-ice  is  not  limited  to 
its  upper  parts,  but  extends  also  to  the  bottom  layers  in  contact 
with  the  rook. 


IV. — Notes  on  a  New  Fossil  Sponge  from  the  XJtioa  Shale 
Formation  (Ordovioian)  at  Ottawa,  Canada. 

By  Gborob  Jbmnikos  Hindb,  Ph.D.,  F.Q.S. 

MB.  H.  M.  AMI,  F.G.S.,  of  the  Geological  Survey  of  Canada, 
who  has  devoted  special  attention  to  the  fauna  of  the  Utica 
Shale  in  the  neighbourhood  of  Ottawa,  lately  sent  me  for  examination 
several  fragments  of  slabs  of  this  rock  containing  some  peculiar 
sponge  remains,  which  seem  to  me  to  be  worthy  of  notice,  although, 
from  their  mode  of  preservation,  no  decisive  determination  as  to  the 
character  of  the  sponge  to  which  they  belong  can  be  arrived  at. 

The  fossils  in  question  appear  to  the  naked  eye  as  so  many 
circular,  or,  in  some  instances,  fan-shaped,  faintly-marked  rusty 
patches  on  the  suriace  of  the  black  shale,  each  consisting  of  delicate 
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lines  or  markings  radiating  from  a  centre.  These  patches  are  so 
nnmeroas  as  in  places  to  cover  the  surface,  and  their  margins  overlap 
each  other,  so  that  their  individual  outlines  cannot  in  all  cases  be 
distinguished ;  further,  it  can  be  seen  that  they  are  not  limited  to 
a  single  surface  layer,  for  the  rock  to  the  thickness  of  about  a 
millimetre  consists  of  several  distinct  successive  films  or  layers, 
each  covered  with  similar  rusty  patches  of  radiating  lines.  Examined 
with  a  lens  or  under  a  microscope,  these  lines  are  seen  to  be  in 
reality  very  fine,  delicate  needle-like  spicules  radiating  horizontally 
from  a  centre.  The  spicules  are  not  all  of  the  same  length,  so  that 
the  outer  margin  of  each  patch  is  uneven,  and  the  general  appearance 
of  these  circles  impressed  on  the  rock-surface  calls  to  mind  the 
nimbus  or  halo  which  in  old  religious  books  is  depicted  round  the 
heads  of  saints. 

The  circular  patches  are  from  18  to  24  mm.  in  diameter;  the 
spicules  of  which  they  are  formed  are  straight,  simple,  apparently 
smooth,  and  nearly  of  an  even  thickness  throughout  their  length, 
which  appears  to  be  from  8  to  10  mm.,  whilst  they  are  only  about 
«035  mm.  in  thickness.  In  some  instances  the  spicules  radiate  from 
the  centre  of  the  patch,  in  others  there  is  a  small  free  central  space, 
and  occasionally  they  are  disposed  in  the  shape  of  a  fan.  In  all 
cases  the  spicules  form  an  extremely  thin  layer.  The  spicules  are 
for  the  most  part  pyritized,  in  some  instances  they  are  reduced  to 


Siephanslla  ioncta,  gen.  et  sp.  nov. ;  Utica  Shale  (Oidovioian),  Ottawa,  Canada. 

maty  peroxide.  This  change  of  the  original  silica  to  pyrites  and 
peroxide  of  iron  seems  to  be  of  very  general  occurrence  wherever 
siliceous  sponges  have  been  preserved  in  black  bituminous  shales; 
well-known  instances  are  those  in  the  Cambrian  shales  of  St  Davids, 
South  Wales,  and  those  lately  described  by  Sir  J.  W.  Dawson  from 
the  black  Ordovician  shales  at  Metis,  Lower  St.  Lawrence  (Trans. 
Boy.  Soc.  Canada,  vol.  vii.  1889,  p.  31). 

It  may  be  taken  for  granted  that  each  of  the  numerous  circular 
patches  in  this  rock  indicates  the  basal  portion  of  a  distinct  sponge; 
but  it  is  hardly  likely  that  it  represents  the  entire  skeleton  of  the 
organism,  and  it  is  insufficient  to  determine  conclusively  the  nature 
of  the  sponge.  It  has  been  suggested  by  Sir  J.  W.  Dawson,*  who 
has  seen  some  of  the  specimens,  that  they  may  be  the  root-spicules 
of  Hexactinellid  sponges.  As  a  rule,  however,  the  anchoring- 
spicules  in  this  group  of  sponges  consist  of  a  more  or  less  compact 

^  Notes  on  Specimens,  Peter  Bedpath  Mnsenm,  1888,  p.  69. 
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bundle  of  elongated  spicales  wbioh  extend  downwards  from  the 
base  of  the  sponge  and  anchor  it  in  the  mud,  consecjuently  very 
different  from  the  horizontal  radial  disposition  of  the  spicules  iu 
these  specimens.  Further,  if  they  were  the  anchoring  appendages 
of  hexactinellid  sponges,  one  would  naturally  expect  to  find  some 
traces  of  cruciform  or  typical  six-rayed  spicules  characterizing  the 
bodies  of  these  sponges,  more  particularly  as  the  great  regularity  in 
which  the  free  radial  spicules  forming  these  circular  patches  have 
been  preserved  in  their  natural  position  indicates  the  absence  of 
curi-ents  to  remove  the  body-portions  from  their  bases.  But  on 
the  slabs  I  have  examined,  I  do  not  recognize  any  distinctive 
hexactinellid  spicules.  At  the  same  time  it  is  not  altogether 
impossible  that  these  fossils  may  be  a  peculiar  modification  of  the 
anchoring  appendage  of  hexactinellid  sponges,  and  this  view  derives 
some  support  from  the  fact  that  a  species  of  this  group,  Cyaihospongia 
reticulata,  Waloott,  sp.,  occurs  in  this  Utica  Shale,  though  Mr. 
Ami  has  not  yet  discovered  any  specimen  of  it  in  the  vicinity  of 
Ottawa. 

There  are  however  certain  recent  siliceous  Monactinellid  and 
Tetractinellid  sponges,  inhabiting  deep  water,  which  possess  basal 
structures  of  slender  radiating  spicules,  very  similar  in  character 
and  arrangement  to  those  forming  these  fossil  impressions.  Thus  in 
the  genus  RadieUa,  0.  Schmidt^  {=Trieho8temma,  Sars'),  there  is 
a  basal  layer  of  long  straight,  styliform  or  pin-shaped  spicules 
radiating  from  a  centre  and  forming  a  definite  fringe  round  the 
sponge,  whilst  the  spicules  of  the  body  of  the  sponge  are  smaller 
and  less  likely  to  be  preserved  as  fossil.  Again  in  Tethya  easula, 
Carter,'  there  is  a  well-marked  basal  fringe  of  spicules,  but  in  this 
case  the  spicules  have  trifid  head-rays  and  consequently  differ  in 
character  from  those  in  our  fossils.  As  pointed  out  by  Sars,  and 
more  particularly  by  Ridley  and  Dendy,^  the  basal  fringe  of  elongated 
spicules  in  these  sponges  serves  not  so  much  to  anchor  the  sponge 
as  to  support  it  on  the  surface  of  the  soft  yielding  mud  of  the 
sea-bottom. 

There  seems  fair  ground  for  supposing  that  these  patches  of 
radiating  spicules  likewise  served  as  basal  supports  to  sustain  the 
sponges,  which  lived  in  dense  colonies,  on  the  surface  of  the  ooze. 
Whether  these  sponges  were  hexactinellid  or  monactinellid  must 
for  the  present  remain  an  open  question ;  but  it  may  be  desirable 
to  give  a  name  to  them,  and  I  propose  to  call  them  Stephanella 
sandal 

The  specimens  were  collected  by  Mr.  H.  M.  Ami  from  the  Utica 
shale,  at  Ottawa  itself,  and  in  the  adjoining  township  of  Gloucester. 

1  Spongien  Fanna  Atlantiscben  Oebietes  (1870),  p.  48,  pi.  4,  fig.  6. 

'  Kemarkable  Forms  of  Animal  Life  (1872),  pt.  i.  p.  62. 

»  Ann.  and  Mag.  Nat.  Hi«t.  ser.  4,  vol.  Tiii.  (1871),  p.  99,  pi.  iv.  figs.  1-9. 

*  'Challenger*  Report,  Zoology,  vol.  xx.  (1877),  p.  216,  pi.  xliii. 

^  ffT€0dyiif  a  wreatn,  dimin. 
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V. — ^NoTi  OH  THB  Identitt  OF  Nautilus  Neocomiensis^  Shabpb 
{non  d'Orbiqnt)  with  Nautilus  Deslongchampsianus,  d'Obb. 

By  Abthub  H.  Fooed,  F.G.S.  ; 

and  G.  C.  Cbick,  Assoc.R.S.M.,  F.G.8., 

Asaistant  in  the  Geological  Department,  British  Mmeum. 

IN  1853,  in  bis  **  Description  of  the  Fossil  Bemains  of  Mollusca 
found  in  the  Chalk  of  England  "  (Mon.  Pal.  Soc.),  Sharpe 
described  and  figured  a  specimen  under  the  name  of  Nautilus 
Neocomiensis,  d'Orbigny.  He  states  (loc,  cit  p.  16),  "  We  have  only 
Been  one  small  specimen  from  the  Grey  Chalk,  which  we  can  refer 
to  this  species ;  it  is  from  Urchfont  near  Devizes,  in  the  Collection 
of  Mr.  Cnnnington,  and  is  2  inches  in  its  greatest  diameter  and  1^ 
inch  in  breadth;  although  a  good  deal  broken,  it  shows  all  the 
peculiar  characters  of  the  species.  The  species  is  more  common  in 
the  Lower  Greensand  of  Dorking,  Atherfield,  Sandgate,  etc.,  where 
it  sometimes  reaches  above  7  inches  in  diameter.  M.  d'Orbigny 
quotes  it  as  common  in  the  lower  beds  of  the  Middle  Division  of  the 
Neocomian  Formation  in  France." 

The  specimen  referred  to  is  now  in  the  British  Museum  (No. 
88640).  It  is  a  natural  cast  and  in  its  badly  preserved  state  the 
flexnous  ribs  appear  to  be  rounded.  A  close  examination  of  the 
fossil,  however,  reveals  distinct  traces  of  fine  longitudinal  lines 
between  the  ribs,  a  character  which  suggests  affinities  with  Nautilus 
Deslongchampsianus,  d'Orbigny.  Moreover  the  remains  of  the  body- 
chamber,  the  posterior  portion  of  which  Sharpe  has  represented  in 
his  plate  v.  fig.  Sc,  show,  on  either  side,  at  a  short  distance  from 
the  umbilicus,  the  keel  so  characteristic  of  the  same  species.  The 
area  between  the  keel  and  the  umbilicus  is  also  marked  by  faint, 
raised,  longitudinal  lines.  The  umbilical  portion  of  the  remainder 
of  the  specimen  is  too  much  broken  to  show  the  keel  distinctly. 
The  rest  of  the  characters  of  the  specimen,  viz.,  the  general  form, 
the  form  of  the  sutures  and  the  position  of  the  siphuncle,  all  agree 
perfectly  with  Nautilus  DeslongcharnpsianuSt  and  there  can  be  no 
doubt  that  the  specimen  referred  by  Sharpe  to  Nautilus  Neoeomiensis 
is  only  a  small,  much-broken  and  badly -preserved  specimen  of 
Nautilus  Deshngchampianus.  The  locality  and  horizon  of  the  fossil 
also  support  this  conclusion. 

Erbatum— In  Gbol.  Mao.  December,  1890,  p.  651,  fourth  line  from  top  of 
page,  insert  Not  before  the  paragraph  beginning  "  1853.  Nautilus  psetubelegant^ 
Sharpe,"  and  ending  "figs.  2a,  2^." 


VL — ^A  Catalooub  of  British  Fossil  Yertebbata. 

SUPPLBHENT   FOB   1890. 

By  Abthub  Smith  Woodward,  F.G.S.,  F.Z.S., 
and  Ghablbb  Dayibs  Sherbork,  F.G.S.,  F.Z.S. 

]K  the  Paleeontology  of  the  Yertebrata,  so  much  progress  is  made 
in  various  directions  in  Britain,  that  it  seems  advisable  to 
attempt  to  bring  up  to  date  the  record  of  the  subject  prepared  and 
published  by  the  writers  a  year  ago.     The  following  list  may  thus 
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be  regarded  as  the  first  supplement  to  the  work  in  question  ;  and  it 
is  hoped,  by  the  courtesy  of  the  Editor,  to  issue  such  a  list  of  additions 
annually  in  the  Gkologigal  Magazine. 

With  regard  to  general  corrections  it  must  be  remarked,  that  the 
memoir  of  Mr.  J.  Ward,  forming  Vol.  X.  of  the  Trans.  N.  Stafili. 
Inst.  Mining  Engin.,  frequently  quoted  in  connection  with  Garboui* 
ferous  fishes,  was  not  issued  until  February  1890,  the  publication 
having  been  delayed  by  unforeseen  circumstances.  Mr.  J.  Weston, 
of  Fenton,  should  have  been  mentioned  as  the  collector  of  a  fine 
series  of  fishes  from  the  Staffordshire  Goal-measures,  which  will 
shortly  become  the  property  of  the  British  Museum.  In  connection 
with  the  Carboniferous  fishes  of  the  Edinburgh  Coal-field,  the  writers 
also  regret  to  add  that  they  failed  to  distinguish  between  the  private 
and  public  collections  made  and  extended  by  Dr.  B.  H.  Traquair,  as 
Keeper  of  the  Natural  History  Department  in  the  Edinburgh 
Museum.  In  this  case,  however,  it  is  not  possible  to  rectify  the 
error  at  present,  there  being  no  list  or  catalogue  of  either  of  these 
collections. 

A  few  names  applied  by  Owen  to  London  Clay  Teleosteans,  in 
the  Cat  Foss.  Rept.  Pisces  Mus.  B.  Coll.  Surgeons,  were  also  over- 
looked ;  but  most  of  these  refer  to  species  already  recorded  under 
the  MS.  names  of  Agassiz,  and  it  is  thus  proposed  to  defer  entering 
them  until  the  synonymy  has  been  investigated. 

PiSOES. 

AeanthodeM  MiteheUij  Xg. :  remarks  and  outline-figTire  by  Traqnair  in  Ann.  Mag. 

Nat.  Hist.  [6]  yoI.  tI.  1890,  p.  481,  woodc.  2,  under  name  of  Medoeanthus 

MiteheUi. 
AeanthodM  sulcattu.  As. :  Traquair,  Froc.  Boy.  Soc.  Edinb.  yol.  xvii.  1890,  p.  392, 

and  Ann.  Mag.  Nat.  Hist.  [6]  vol.  vi.  1890,  p.  481,  woodc.  1.      Fife  and 

Midlothian. 

Wardi,  Eg. :  "Ward,  Trans.  N.  Staffs.  Inst.  Min.  Engin.  rol.  x.  1890,  p. 

167,  pi.  ▼.  f.  2. 

Aerodus  minimus^  Ag. :  Portlock,  £ep.  Geol.  Londonderry,  1843,  p.  469,  pi.  ziy. 

f.  18  (?  17).     KhcBtic;  N.  Ireland. 
AeroUpis  Hopkinti^  M*Coy  :  Traquair,  Proc.  Roy.  Soc.  Edinb.  yoI.  xvii.  1890,  p. 

398  (to  include  A.  Rankini). 

-  ortholepit,  R.  H.  Traquair,  Proc.  Roy.  Soc.  Edinb.  yoI.  xvii.  1890,  p. 
398,  and  Ann.  Mag.  Nat.  Hist.  [6]  Tol.  n.  1890,  p.  492  (olim  Elon%ckthy$ 
ortholepis). 

Jtankini  (Ag.) :  synonym  of  A.  Mopkinai, 

aemigranuUmu  [n.  sp. J,  R.  H.  Traquair,  Proc.  Roy.  Soc.  Edinb.  vol.  xvii. 

1890,  p.  398.     Calcif.  Sandst. ;  Straiton.     [Scales ;  Edinb.  Mus.] 
Anodontacanthus  attenuatus  [n.  sp.],  J.  W.  Davis,  Proc.  Yorks  Geol.  Soc.  vol.  xi. 

(2),   1890,   p.   333.     [?  FUuraeanthus],      Carbonif.  ;    Cultra,    Co.   Down. 

[Spine  ;  C.  Bulla  Coll.,  Belfast] 
Aspidorhynchxu  erassut  [n.sp.],  A.  S.woodward,  Proc.  Geol.  Assoc,  vol.  xi.  (1890), 

p.  296,  pi.  iii.  f.  11-15  (includes  A,  sp.  (1888),  JBelonottomut  Jlexuotua,  and 

Sauropsit  mordax), 

sp.,  A.  S.  Woodward :   v.  A.  craasus. 

Asteracantnu*  Stutchburyi,  Ag. :  synonym  of  A.  verrueona  (E.  Wilson,  Gbol.  Mao. 

1890,  p.  366).    [Type, -Bristol  Mus.,  probably  from  Purbeck  Beds,  Swanage.] 

verrueosuSf  Eg. :  includes  A.  Stutchburyi,  Ag. 

BeUmottomtu  JUxuosM^  rbillips  :   =  ?  maxilla  of  Aspidorhynehus  erassua,  A.  8.  W. 

leptosteus,  Ag. :  A.  S.  Woodward,  Proc.  Geol.  Assoc,  vol.  xi.  (1890),  p.  296. 

Caturtu  pleiodwt  [n.  sp.],  A.  S.  Woodward  {ex.  Ag.),  Proc.  Geol.  Assoc,  vol.  xi. 

(1890),  p.  294,  pi.  iii.  f.  10  (genus  uncertain). 
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C^trdepU,  Eg. :  A.  8.  Woodward,  Ann.  Mag.  Nat.  Hist.  [6]  yoI.  y.  1890,  p.  430. 

asper,  Eg.  {ex  Ag.) :  A.  8.  Woodward,  ibid.  p.  430,  pi.  xvi.  f .  1 . 

CnvUtdtu  FhiUitm,  A&r. :    A.  8.  Woodward,  Proo.  Geol.  Absoc.  toI.  xi.  (1890),  p. 

292,  pi  iii.  f.  5. 
Chirodoptu  Gtikiei,  Traa. :  Traqnair,  Ann.  Mag.  Nat.  Hist.  [61  vol.  yi.  1890,  p.  494. 
Chirodtu  erassH*  [n.  sp.J,  R.  H.  Traquair,  Proc.  Roy.  Soc.  Edinb.  vol.  xvii.  1890, 

p.  400.     Carb.  Lunest. ;  Abden  and  Bcith.    [Scales ;  Edinb.  Mns.] 
ChirokpU  TrailUf  Ag. :    recorded  from  Acbanarras,  Caitbness,  by  Traquair,  Ann. 

Mag.  Nat.  Hist.  [6]  vol.  vi.  1890,  p.  486. 
Coeeolepis  tiauiea  [n.  sp.j,  [-ns],  A.  8.  Woodward,  Ann.  Mag.  Nat.  Hist.  [6]  yol.  y. 

1890,  p.  436,  pi.  xvi.  f .  2-4.     Lower  Lias ;  Lyme  Regis.     [Fish ;  Brit.  Mus.] 
CoeeoBUua,  Ag. :  A.  y.  Koenen,  Gbol.  Mao.  1890,  p.  191. 
deeipiens,  Ag. :  Traqnair,  Ann.  Mag.  Nat.  Hist.  [6]  yol.  y.  1890,  p.  126, 

pi.  X.  and  Gbol.  Mao.  1890,  p.  235. 

J.  E.  Lee,  Geol.  Mao.  1880,  p.  146,  pi.  y.  f.  3.     U.  Deyon. ; 


Ghndleigh,  8.  Deyon.    [Median  dorsal  plate ;  Brit.  Mns.] 
Calaeanthu$  FhillipH,  Ag. :  J.  W.  Davis,  Gbol.  Mao.  1890,  p.  169. 
sn.  fn.],  J.  W.  Davis,  Proc.  Yorks.  Geol.  Soc.  vol.  xi.  (2),  1890,  p.  834. 

Carbonif. ;  Oultra,  Co.  Down.    [Bones ;  0.  Bulla  Coll.,  Belfast.] 
Cotmolepufy  }:,g. :  synonym  of  Oxygnathut. 

Egertonij'&f^.'.  y.  0xygHathu9  Egertoni, 

CMmoptychiu9y  Traq.  :  synonym  of  Elontehthyt. 

striatum  (Ag.)  :  v.  Eloniehthy»  striatus, 

Cienodut  interruplus,  Barkas  :    A.  8.  Woodward^  Ann.  Rep.  Yorksh.  Phil.  Soc. 

1889  (1890),  p.  37,  pi.  L  f.  2;  R.  H.  Traquair,  Gbol.  Mao.  1890,  p.  249. 

Form,  and  loc.  are  Carb.  Limest.  and  Calcif.  Sandst.,  Fifeshire  and  Midlothian 

(not  English  Coal-Meas.) 
Murehisoni,  Ag.  MS. :  first  described  by  J.  Ward,  Trans.  N.  Stafis.  Inst. 

Mining  Engin.  vol.  x.  1890,  p.  156.    Additional  locality  is  Longton,  N. 

Staffordshire. 
■  eaudatus,  Barkas :  v.  Saymodus  eaudatut, 

eorrugaiutj  Atthey:  y.  Sayenodus  ewrrugatua. 

obliquuSf  Atthey  ;  y.  Sayenodu*  inaqualis, 

obliqmUf  var.  quinqtteeostatut,  Traq. :  y.  Sayenodus  quinqueeeetatut. 


obtusuBj  Barkas :  v.  Sayenodus  obtusus, 

oetodorsalis,  Barkas  :  y.  Sayenodus  oetodorsalis, 

Ctenolepis  eyeUts,  Phillips  {ex  A.e.) :  A.  8.  Woodward,  Proc.  Geol.  Assoc,  vol.  xi. 

(1890),  p.  301.     There  is  an  early  fig.  of  this  sp.  in  C.  Prevoet,  Ann.  Sci. 

Nat.  vol.  iv.  1826,  pi.  xviii.  L  21. 
Dapedius  dorsalis  (Ag.) :  M.  Browne,  Trans.  Leicester  Lit.  and  Phil.  Soc.  n.  s.  vol. 

(1890),  p.  196  (includes  Dapedius  wonilifer), 

monilifer  (Ai.) :  synonym  of  B,  dorsalis, 

JHplopterus  Ayassixi,  Traill :   Traquair,  Ann.  Mag.  Nat.  Hisi  [6]  voL  yi.  1890,  p. 

484,  woodc.  3. 
Drydenius  [n.  g.],  R.  H.  Traqnair,  Proc.  Roy.  Soc.  Edinb.  vol.  xvii.  1890,  p.  399. 
insiynis  [n.  sp.],  R.  H.  Traqnair,  ibid.     Carb.  Limest. ;    Loanhead. 

[The  type  species,  founded  on  jaws,  etc. ;  Edinburgh  Mus.] 
EUmiehthySj  Giebel :   to  include  Cosmoptych%us,  Traquair,  Proc.  Roy.  Soc.  Edinb. 

vol.  xviL  1890,  p.  396. 
Dunsi,  Traq. :   synonym  of  £,  nemopterus  (Ag.),  Traquair,  ibid.  p.  396. 

[v.  E.  IU>bison\\, 

intermedius,  Traq. :   synonym  of  E.  nemopterus  (Ag.),  Traquair,  ibid, 

[y.  E.  Robisoni'], 

— ^—  wuitistriaius  (n.  sp.],  R.  H.  Traquair,  Proo.  Roy  Soc.  Edinb.  vol.  xvii. 

1890,   p.   396.     Garb.    Limest.  ;    Gilmerton  and  Loanhead  [Fragments  ; 

Traquaur  Coll.] 
■  nemopterus  [Ag.] :   Traqnair,  ibid.  p.  394  (to  include  E.  Dunst^  inter' 

mediUSy  ocatuSf  Mobisoni,  striolatus,  tenuiserratus).     [v.  E.  Eobisont."] 
orthoiepisj  Traq. :  synonym  of  Aerolepis  ortholepis. 

ovatus^  Traq. :  synonym  of  E.  nemopterus  (Ag.),  Traquair,  Proc.  Roy. 

Soc.  Edinb.  vol.  xvii.  1890,  p.  396.     [v.  E.  Robisoni.'] 

— Robisoni  (Hibb.)  :    referred  with  several  other  supposed  species  to  E, 

nemopterus  by  Traquair,  as  noted  above.     Falaoniseus  Robisoni,  however, 
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bein^  described  hj  Agaasiz  before  the  so-called  AmbUfptertM  nemopteruSf  the 

specific  name  originally  suggested  by  Hibbert  must  be  adopted. 
EUmiehthys  striaius  (Ag.) :  Traquair,  Proc.  Boy.  Soc.  Edinb.  vol.  xvii.  1890,  p.  396 

(oUm  Cosfnapti/ehius  ttriatua). 
atriolatus  (Ag.) :  synonym  of  £,  nemoptertu  (Ag.),  Traquair,  Proc.  Roy. 

Soc.  Edinb.  toI.  xvii.  1890,  p.  395.     [t.  E.  Robiaoni.'] 

tettuiserratuSf  Traq.  :   synouym  of  £.  nemopterus  (Ag.),  Traquair,  ibid. 

[▼.  E.  Rob\9ont]. 

EogaleiM  toliapicus^  R.  Owen,  Cat.  Fobs.  Rent.  Pisces  Mas.  R.  Coll.  Snrgeons,  1854, 
p.  133.    London  Clay ;  Sheppey.     [Vertebrse ;  Mus.  R.  Coll.  Surgeons.] 

EurycormuB grandia,  A.  S.  W. :  A.  S.  Woodward,  Proc.  Geol.  Soc.  1890,  p.  8,  and 
Geol.  Mao.  1890,  p.  289,  pi.  x.  f.  1-8. 

EurynotuB  eretiattu^  Ag. :  Traquair,  Proc.  Roy.  Soc.  Edinb.  vol.  xvii.  1890,  p. 
400  (to  include  £.  JtmbriatuSf  Ag.) 

Jimbriatu8y  Ag. :  synonym  of  E.  erenatusy  Ag  ,  Traquair,  ibid, 

mierolepidottu  [n.  sp.],  R.  H.  Traquair,  Proc.  Roy.  Soc.  Edinb.  vol.  xvii. 

1890,  p.  400.     Carb.  Limest. ;  Loanhead.     [Imperfect  fish  ;  Traquair  Coll.] 

Oanodui,  Ag. :  A.  S.  Woodward,  Proc.  Geol.  Assoc,  vol.  xi.  (1890),  p.  290,  pi.  iii.  f.  4. 
GanoprittodnSf  Traq. :  synonym  of  Uronemua. 

tplmderUj  Traq. :  v.  Ur<tnetnu8  splendent. 

Qlyptolepia  Flemingii^  H.  Mitchell  and  J.  Powrie :  v.  Eoloptyehius  Fleminyi. 
Qlyptolepia  paucidefie  (Ag.) :  Traquair,  Ann.  Mag.  Nat.  Hist.  [6]  vol.  vi.  1890,  p.  483. 
Gyrolepis  Albertiiy  Ag. :   Portlock,  Rep.  Geol.  Londonderry,  1843,  p.  469,  pi.  xiv. 

f.  12-14  and  f.  11  (G.  ienuistriatua),    Rha^tic  :  N.  Ireland. 
Gyronehua  obUmgue^  Ag. :  v.  Mesodon  oblongw. 

Gyroateua  mirabilia,  A.  8.  Woodw. ;  A.  S.  Woodward,  Naturalist,  1890,  p.  101. 
Helodus  Hmplex,  Ag. :  synonym  of  Fleuroplax  Eankini. 

Holophagua,  Eg. :  A.  S.  Woodward,  Ann.  Mag.  Nat.  Hist.  [6]  vol.  v.  1890,  p.  436. 
Holoptyehiua  Flemingif  Ag. :  includes  Glyptolepia  Flemingii,  U.  Mitchell,  G^logist, 


1863,  p.  43  ;  J.  Powrie,  ibid,,  p.  96. 

dus  sp.  [n.],  A.  S.  Woodward,  Proc.  Geol.  Assoc,  vol.  xi.  (1890),  p.  \ 
iii.  I.  3.    Great  Oolite ;  Northampton.    [R.  palatine ;  Jesson  Coll.] 


Leedeia,  A.  S.  Woodward,  Gbol.  Mao.  1890,  p.  292  (substituted  for  Leedaichthys), 

problematiea,   A.  S.   Woodward,   ibid,  p.   292,   pi.  x.  f.  9,   10  (olim 

I^eedsiehthys  problematieus) . 

Lepidotua  maximM^  Wagner  :  Sphterodua  neocomienaia  (Ag.),  W.  Keeping,  Foss. 
Upware,  1883,  p.  81,  pi.  i,  f.  4.  Neocomian ;  Cambridgeshire  and  Bed- 
fordshire. 

tubereulatua^  Ag. :  =  suboperculum  of  Z.  unguieulatua,  Ag.  (A.  8.  Wood- 
ward, Proc.  Geol.  Assoc,  vol.  xi.  (1890),  p.  293). 
Wo 


unguiculatua,    Ag.  :    A.  S.  Woodward,  ibid,  p.  292,  pi.  iii.  f.  7,  8. 

(Includes  X.  tubereukitua  and  Fycnodua  rudia). 
Zeptolepia  disjecta  [n.  sp.],  [-us],  A.  S.  Woodward,  Proc.  Geol.  Assoc,  vol.  xi. 

a890),  p.  295,  pi.  iii,  f.  16-19.     Stonesfield  Slate.    [Preop.,  op.,  max.,  and 

dentary  tiones ;  Brit.  Mus.J 
Maeroaemiua  breviroatria  [n.  sp.f,  A.   S.  Woodward  («r  Ag.),  Proc.  Geol.  Assoc. 

vol.  xi.  (1890),  p.  293,  pi.  iii.  f.  9.     Stonesfield  Slate.     [Mandib.  ramus; 

Brit.  Mus.] 
Megaliehthya  lavia  [n.  sp.],  R.  H.  Traquair,  Proc.  Roy.  Soc.  Edinb.  vol.  xvii. 

1890,  p.  394.    Calcif.  Sandst. ;  Straiton.     [Imperfect  fishes  ;  Edinb.  Mus.] 
Meaaeanthuay  Traq. :  genus  maintained  by  Traquair,  Ann.  Mag.  Nat.  Hist.  [6]  vol. 

vi.  1890,  p.  481.     V.  Acanthodea  MiteheUi, 
Meaodon  biaerialia  [n.  sp.],  A.  S.  Woodward  {ex  Ag.),  Proc.  Geol.  Assoc,  vol.  xi. 

il890],  p.  300,  pi.  iii.  f.  28.      Stonesfield  Slate.      [Mandib.  dentition : 
irit.  Mus.] 

Bucklandi  (Ag.) :   A.  8.  Woodward,  ibid.  p.  297,  pi.  iii.  f.  20-22  :   the 

scales  of  '*  Gyrodua  perlatua  "  are  also  figured  in  the  same  paper  (pi.  iii.  f. 
30,  31).    New  locality  :— Great  Oolite  of  Northampton. 

■  Coulani  (Ag.)  :    Fyenodua   Couloni  (Ag.)   W.   Keeping,   Foss.   Upware, 
1883,  p.  82,  pi.  i.  f.  5.     Neocomian ;  Cambridgeshire  and  Bedfordshire. 

■  Damoni  JTn.  sp.],  A.  S.  Woodward,  Geol.  Mao.  1890,  p.  168.     This  is 
the  M.  ap.y  Woodward  and  Sherbom,  Cat.  Brit.  Foss.  Vert.,  1890,  p.  121. 

•^—  Davieai  [n.  sp.l,  A.  S.  Woodward,  Proc.  Zool.  Soc.  1890,  p.  351,  pi,  xxviiL 
f.  5.    Purbeck ;  Swanage.    [Fish :  Brit.  Mus.] 
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Meiodon  ?  dUeoides  [n.  «p.],  A.  8.  "Woodwaid  [ex  Ag.)»  P«xs.  Geol.  Absoc.  vol.  xi. 
(1890),  p.  300,  d1.  iS.  f.  32.     Gt.  Oolite ;  Oxford.     ['Vomer  ;  Brit.  Mus.] 

latideruy  A.  S.  W. :  misprint  for  M.  ienuidms. 

obUmgtu   (Ag.)  :     Gyronchw   (ScaphodutJ  oblongiu^  L.  Agaflsiz,    Poiss. 

Foas.  Tol.  i.  (1844),  p.  xlii.  (name  only).      Oyronehtu  oblonyus,  £.  Wilson, 
Gbol.  Mao.  1890,  p.  367. 

rugulowa  (Ag.) :  A.  8.  Woodward,  Proc.  Geol.  Aaeoc.  vol.  xi.  (1890),  p. 

298,  pi.  iii.  f.  23-27.     (Includes  M.  trigonus.) 

sp..  Woodward  and  Sherbom,  Cat.  Brit.  Foes.  Vert.  1890,  p.  121 :   v. 

M.  hamoni. 

-^— ^—  tenuidms  [n.  sp.],  A.  8.  Woodward,  Proc.  Geol.  Assoc,  vol.  xi.  (1890), 
p.  300  {laiideMy  misprint),  pi.  iii.  f.  29.  Stonesfield  Slate.  [R.  splenial; 
Brit.  Mus.] 

trigonuB  (Ag.) :  synonym  of  M.  ruffulotu8. 


MesoUpis  rhotnba  [n.  sp.],  Traquair,  Ann.  Mag.  Nat.  Hist.  [6]  vol.  vi.  1890,  p.  493. 

Calcif .  8and8t. ;  Eskdale.     [Fish;  Edinburgh  Mus.] 
-^—  tuherculata  [n.  sp.],  Traquair,  ibid.  p.  493.     Calcif.  8andst. ;   Eskdale. 

[Fish;  Edinburgh  Mus.] 
JfeMp&ma  [n.  g.],  Traquair,  Ann.  Mag.  Nat.  Hist.  [6]  vol.  vi.  1890,  p.  493  (in- 
completely definea). 

nuteroeephalum  [n.  sp.],  Traquair,  ibid.u.  493. 

Mhadiniehthyt  maerocephalus^  Traquair,  Proc.  Roy.  Soc.  Edinb.  vol.  xvii. 

1890,    p.    398.     Calcif.   Sandst.  ;    Pumpherston,    Edinburgh.      [Fishes ; 

Traquair  Coll.] 
pohtum,  Traquair,  Ann.  Mag.  Nat.  Hist.  [6]  vol.  vi.  1890,  p.  493  (olim 

Cdnobiut  politwi). 

pukhelium,  Traquair,  iii^f.  p.  493  (olim  Canobiut  pulchelltu). 

Xemaeanthut  brevia,  Phillips :  A.  8.  Woodward,  Proc.  Geol.  Assoc,  vol.  xi.  (1890), 

p.  289,  pi.  iii.  f.  1. 
NefHotoptyehiua  yroHlis,  Traq. :  synonym  of  If.  Gremoeki. 

Oreenoekiy  (Ag.) :  Traquair,  Proc.  Roy.  8oc.  Edinb.  vol.  xvii.  1890,  p. 

398.     (Includes  AT.  gracilia  and  also  Pygopterut  elegana,  C.  W.  Peach,  Rep. 
Brit.  Assoc.  1871  (1872),  p.  109,  name  only.) 

OHgopUuru9  veetenna  [n.  sp.],  A.  8.  Woodward,  Ptoc.  Zool.  Soc.  1890,  p.  346,  pi. 
xxviii,  f.  1-4,  pi.  xxix,  f.  1,  2.    Purbeck ;  Swanage.    Wealden  ;  I.  of  Wight. 

[Head ;  Brit.  Mus.] 
Ophiopsis Fleaheri  (Ag.) :  A.  8.  Woodward,  Proc.  Geol.  Assoc,  vol.  xi.  (1890),  p.  293. 
Oracanthus  MilleH,  Ag.  :  0.  minor,  E.  Wilson,  Gbol.  Mao.  1890,  p.  368. 
OtteoUpis  mierolspidotuSf  Pand. :    Traquair,  Geol.  Mao.   1888,  p.  516,  and  Ann. 

Mag.  Nat.  Hist.  [6]voL  vi.  1890,  p.  484. 
Oxygnathtu,  E^.  :   A.  8.  Woodward,  Ann.  Mag.  Nat.  Hist.  [6]  vol.  v.  1890,   p. 

431  (includes  Cotmolepia  and  Thrisaonotu^, 

Egertoni  (Ec.) :    A.  8.  Woodward,  Ann.  Mag.  Nat.  Hist.   [6]  vol.  v. 

1890,  p.  432  (ohm  Coamolepis  Egertoni). 

omatusy  Eg. :  Traquair,  Palaeoniscidse  (Pal.  Soc.  1877),  pi.  ii.  f.  2  ;  A.  8. 

Woodward,  Ann.  Mag.  Nat.  Hist.  [6]  vol.  v.  1890,  p.  432  (includes  Thrissonotui 

Colei). 
Falaospondylua  [n.  g.],  Traquair,  Ann.  Mag.  Nat.  Hist.  [6]  vol.  vi.  1890,  p.  486. 
Gunni  [n.  sp.],  Traquair,  ibid.  p.  485,  woodc.  4.     L.   Old  Red  Sandst., 

Achanarras,  Caithness.     [The  type  species,  Edinburgh  Mus.J 
Fhaneropleuron,  Huxley:  Traquair,  Proc.  Roy.  Soc.  Edinb.  vol.  xvii.  1890,  p.  393. 
Fhlyct4Bn(upia   [n.  g.J,    R.   H.  Traquair,   Geol.   Mao.   1890,   p.    144.      (Olim 

Fhlyetanius  Qpreoccupied  Zittel,  Spongida]). 

Angliea,  Traq. :    Traquair,   ibid.,  p.  144,  (olim  Fhlyctaniua    angliem). 

Includes    Cephalaapit   Salweyi,  Lankester   (in   part),  Fishes  O.R.S.  pt.   1 
(Pal.  Soc.  1870),  pi.  viii.  f.  2-4. 

FhlycUpniutf  Traq. :  preoccupied,  v.  FklyeUBnaspiB, 

Fholidophorus  tninary  Ag. :    A.  8.  Woodward,  Proc.  Geol.  Assoc,  vol.  xi.  (1890), 

p.  293. 
FUuroplaXy  A.  8.  Woodw. :  J.  W.  Davis,  Ann.  Mag.  Nat.  Hist.  [6]  vol.  v.  1890, 

p.  291,  pi.  liii. 
— ^—  Rankiniy  H.  and  A. :  J.  W.  Davis,  ibid.  p.  291,  pi.  xiii.  (includes  Htlodut 

nmplex). 
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Prittaeanihus  aeeuria,  Ag. :  A.  S.  Woodward,  Proc.  Geol.  AnoG.  vol.  xi.  (1890),  p. 

290,  pi.  iii,  f.  2. 
FtammaatfitM :  The  types  of  P.  granuUUus  and  F.  vermieulari*  are  now  in  the  Dublin 

Mus.  Sci.  ana  Art. 
Fteriehthyt  Milleri^  Ag. :   recorded  from  Achanarras,  Caithness,  by  Traqnair,  Ann. 

Mag.  Nat.  Hist.  [6]  toI.  vi.  1890,  p.  483.     There  is  also  a  specimen  from 

this  locality  in  the  Worcester  Museum. 
Ftyehodus  mammillaris,  Ag. :  A.  S.  Woodward,  Ann.  Rep.  Torks.  Phil.  Soo.  1889 

(1890),  p.  39,  pi.  i.  f.  3-14. 

polygyrua,  Ag. :  A.  S.  Woodward,  ibid,  p.  40,  pi.  i.  f.  16-20. 

Fycnodm  Coulani,  As. :  t.  Meaodon  CouUmi, 

rudisy  Phifiipfl :  synonym  of  Lepidotus  unyuiculatut. 

Fygopterus  elegant,  Peach  :  t.  Nematoptyehiua  Greenocki. 

RhadinacanthuSy  Traq. :  genus  maintained  for  J)iplacanthui  longispinusy  Ag.,  by 

Traquair,  Ann.  Mag.  Nat.  Hist.  [6]  yoI.  vi.  1890,  p.  483,  but  essential 

part  of  original  definition  admitted  erroneous  and  none  substituted. 
Rhadinichtkya  earittattu  {Ag.) :   Traquair,  Proc.  Roy.  Soc.  £dinb.  toI.  xvii.  1890, 

p.  397  (includes  typical  Ji,  Geikiei), 
■  delieatulutf  Traq. :  synonym  of  E.  elegantulua, 
elegantuhuy  Traquair,  Proc.  Roy.  Soc.  Edinb.  vol.  xrii.  1890,  p.  398,  and 

Ann.  Mag.  Nat.  lS^si.  [6]  vol.  vi.  1890,  p.  492  (includes  R.  dehcatulut  and 

so-called  R,  Geikiei  from  Eskdale). 

Geikiei,  Traq. :  synonym  of  R,  earinatus  and  R.  eleganiulm, 

lepturusy  Traq. :  synonym  of  R,  ornatimmtu, 

'  macrocepkaluB,  Traq.  [n.  spj  :  t.  Meeapoma  macrocephalum, 
r  (Ag.) :   Traquair,  Proc.  Roy.  Soc.  £dinb.  vol. : 


orttatiseimus  (Ag.) :   Traquair,  Proc.  Roy.  Soc.  £dinb.  vol.  xvii.  1890,  p. 

397  (includes  R.  lepturua). 
SagenodM,  Owen :   This  genus  must  be  accepted  for  the  so-called  Ctmodua  obliquus 

and  allied  species.     It  is  first  defined  under  the  name  of  ffemictenodus,  R.  H. 

Traquair,  Geol.  Mao.  1890,  p.  251,  and  is  in  part  equivalent  to  HemieUnoduip 

0.  Jaekel,  Sitznngsb  Gee.  natnrf.  Freimde,  1890,  p.  7. 

— eaudatpt :  corroct  name  of  Ctenodua  oaudattu, 

eorrugatua :     „         „      ,,         ,,       eorrugatus, 

— itu^quality  Owen :  the  correct  name  of  Ctenodut  obliquui,  with  synonyma 

as  already  quoted  in  the  Catalogue. 

obtusus :  correct  name  of  Ctenodus  obtueus. 

■  oetodortalis :  correct  name  of  Ctenodus  octodorBolis. 

— —  quinqueeoetatua,  Traquair,  Proc.  Roy.  Soc.  £dinb.  vol.  xvii.  1890,  p.  387. 

Hemietenodut  quinqueeoetatuSf  Traquair,  Gbol.  Maq.   1890,  p.  251    (olim 

Ctenodus  obliquus,  var.  quinqueeostatus), 
Sauriehthys  aeuminatus,  Ag. :  S.  apiealis,  Portlock,  Rep.  G^l.  Londonderry,  1843, 

p.  470,  pi.  xiv.  f.  19.    Rhaetic:  N.  Ireland. 
Sauropsis  mordax,  Ag. :  maxilla  of  Aspidorkynehus  erassus. 
Scaphodus,  Ag.  MS.:   E.  Wilson,  Gbol.  Mao.  1890,  p.  367;  A.  S.Woodward, 

Proc.  Geol.  Assoc,  vol.  xi.  (1890),  p.  300. 
— ^— .  heteromorphus  [n.sp.],  A.  S.  Woodward  («a;  Ag.),  p.  300,  pi.  iii.  f.  33,  34. 

oblongus,  Ag. :  v.  Mesodon  oblongus. 

Strepsodus  minor  [n.  sp.1,  R.  H.  Traquair,  Proc.  Roy.  Soc.  Edinb.  vol.  xvii.  1890, 

p.  393.     Calcif.  Sandst. ;  Pitcorthy.    [Scales  :  Edinb.  Mus.] 
Strobilodus  purbeekensis  [n.  sp.],  A.  S.  Woodward,  Proc.  Zool.  Soc.  1890,  p.  360, 

pi.  xxix.  f.  4. 
Styraeopterus,  R.  H.  Traquair,  Ann.  Mag.  Nat.  Hist.  [6]  vol.  vi.  1890,  p.  492 

(undefined). 
fulcratus,  R.  H.  Traquair,  ibid.  p.  492  (oUra  Holurus  fuleratus,  Traq.) 

Calcif erouB  Sandstones,  Tarras  Foot  (not  Glencartholm). 
Tarrasius  problematictMy  Traq. :  R.  H.  Traquair,  Ann.  Mag.  Nat.  Hist.  [6]  vol.  vi. 

1890,  p.  494.    Locality  is  GlencartWm    (not  Tarras  Foot,   as  originally 

stated). 
ThrissonotuSy  Ag. :  synonym  of  Oxygnathus, 

—  Coleij  Ag. :  v.  Oxygnathus  omatus. 

Thynnus  scaldisietuis  [n.  sp.],  R.  Storms,  Mem.  Soc.  Beige  Gr^ol.  etc.  vol.'iii.  (1889) 

p.  103,  pi.  vii.  f.  17-22;  A.  S.  Woodward,   Ann.    Mag.  Nat.    Hist.   [61 

vol.  V.  1890,  p.  294.   White  Crag :  Suffolk.    ICaudal  vertebrm;  Brit.  Mus.} 
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TJtjfiuuu  thynnut  (Linn.):   E.  T.  Newton,  Gbol.  Mao.  1890)  p.  264.     Forest 

Bed :  E.  Ennton.     [Vert,  centrum ;  Savin  Coll.] 
UfuUna  (?)  hammenai*  [n.  sp.],  A.  8.  Woodward,  Ann.  Mag.  Nat.  Hist.  [6]  vol.  v. 

1890,  p.  436,  pi.  xvi.  f.  5.    L.  lias.  ;   Barrow.    [Fish :  Brit.  Mns.J 

(?)  sp.  A.  8.  Woodward,  Proc.  Geol.  Assoc,  vol.  xi.  (1890)  p.  292,  pi.  iii. 


f.  6  [also  figd.  by  Prevost,  Ann.  Sci.  Nat.  vol.  iv.  1825,   pi.  xviii.  f.  20]. 

Stonesfield  Slate.     [Jugular  and  pterygo-quad. :  Brit.  Mus.] 
Uronemus,  Ag. :  Traquair,  Proc.  £oy.  Soc.  Edinb.  vol.  xvii.  1890,  p.  393  (includes 

Oanoprisiodut). 
magnuB,  Traq. :  e  tail  of  Ctenodtu  or  Sagmodm,  Traquair,  Gbol.  Mao. 

1890,  p.  262. 
■  9plenden8j  Traquair,  Gbol.  Mao.  1890,  p.  262  (olim  Oanoprittodut  tplm' 

dent). 

Amphibia. 

AfUhreusoaauruB  Rus9eU%,  Huxley:  Lydekker,  Gat.  Foss.  Kept.  B.M.^  pt.  iv.  1890, 

p.  158. 
Anthraeerpetum  erassosteum,  Ow. :  Lydekker,  Cat.  Eept.  pt.  iv.  1890,  p.  214. 
Srpetocephalus,  Huxley :  synonym  of  lehthyerpetum. 

ruyosM^  Huxl. :  v.  lehthyerpetum  Bradleya, 

lehthyerpetum^  Huxley:   Lydekker,    Cat.  Eept.  pt.  iv.    1890,    p.    168  (includes 

£rpetoeephalu8) . 
<— ^—  BradleyeBf   Huxl. :     Lydekker,   ibid.    p.    169    (includes  Erpetoeephaku 

rugotm). 
Lepidotoeaurue  Duffl,  Hanc.  and  Howse  :  Lydekker,  Cat.  Eept.  pt.  iv.  1890,  p.  214. 
Lepterpetum  sp.  Lydekker,  Cat.  Eept.  pt.  iv.  1890,  p.  199.     Coal  Meas. :  Jarrow. 

[Skeleton :  Brit.  Mus.] 
Loxomma  AUmaniy  Huxley:   Embleton,  Eep.  Brit.  Assoc.  1889  (1890),  p.  680; 

Lydekker,  Cat.  Eept.  p.  iv.  1890,  p.  164,  fig.  88. 
Maeromerium  Seotieum  [n.  sp.],  E.  Lydekker,  Quart.  Joum.  Geol.  Soe.  vol.  xlvi. 

1890,  p.  291,  pi.  xii.  f.  1,  and  Cat.  Eent.  pt.  iv.  1890,  p.  162.*Carb.  Limest.; 

Gilmerton.    [Mandib.  ramus :  Brit.  MusJ 
Opkiderpetum  Broumriggiy  Huxley :  Lydekker,  Cat.  Eept.  pt.  iv.  1890,  p.  206. 
Fholidoyaster pieetformisy  Huxley:  Lydekker,  Cat.  Eept.  pt.  iv.  1890,  p.  195. 
Uroeordylue  retieiiatus^  Hanc.  and  Atth. :  synonym  of  IT.  Wandetfordi, 

JFandesfordi,  Huxley :  Lydekker,  Cat.  Eept.  pt.  iv.  1890,  p.  196  (includes 

U,  reticulatue). 

Rkptilia. 

Boihriospondylut  euffotnUy  Owen :  Lydekker,  Cat.  Eept.  pt.  iv.  1890,  p.  242. 
Caiamoepondyhu  Foxi,  Lyd. :  Lydekker,  Cat.  Eept.  pt.  iv.  1890,  p.  243,  f.  64. 
CamptoMurue  LeedH,  Lyd. :  Lydekker,  Cat.  Eept.  pt.  iv.  1890,  p.  268,  f.  61. 
Cardiodon  ruyuloeue,  Owen :  Lydekker,  Cat.  Eept.  pt.  iv.  1890,  p.  236.    {Croum  of 

tooth ;  Gt,  OoliUy  Cireneeeter.) 
dmolioMurus  portlandieus  (Owen) :    Lydekker,  Quart.  Joum.  Geol.  Soc.  vol.  xlvi. 

1890,  p.  47,  f.  6,  and  Cat.  Eept.  pt.  iv.  1890,  p.  274.     (Cerv.  vert. ;  Mid. 

Purbisck,  Isle  of  Portland :  Bnt.  Mus.) 

: Riehardeoniy  E.  Lydekker,  Cat.  Eept.  pt.  iv.  1890,  p.  276,  f.  66. 

Calotaurusy  E.  Owen,  Cat.  Eept  Mus.  E.  Coll.  Surg.  1864,  p.  16.     [Genus  founded 

on  a  mutilated  centrum  of  a  dorsal  vertebra  washed  out  of  an  oolitic  stratum 

and  from  the  drift  of  West  Norfolk  :  Mus.  E.  Coll.  Surg.] 
Cryptodraco  mmtrus  (Seeley) ;  Ljrdekker,  Cat.  Eept.  pt.  iv.  1890,  p.  266. 
Goniopholie  earinata :    first  described  by  E.  Owen,  Cat.  Eept.  Mus.  E.  Coll.  Surg. 

1864,  p.  12,  and  stated  to  be  from  the  Great  Oolite  of  Cirencester. 
Goniopholis  minora  Koken:  Lydekker,  Cat.  Eept.  pt.  iv.  1890,  p.  229.    Wealden: 

Isle  of  Wight.     iFortione  of  Skeleton  ;  Brit.  Mtu.] 
lehthyoeaurue  eommunisj  Conyb.  :  Lydekker,  Cat.  Eept.  pt.  iv.  1890,  p.  270. 

Conybeareiy  Lyd. :  Wilson,  Geol.  Mao.  1890,  p.  365. 

'  intermedius,  Conyb. :  Lydekker,  Cat.  Eept.  pt.  iv.  1890,  p.  271,  f.  65. 

thyreoepondylusy  Owen :  Wilson,  ibid.  p.  365 ;  Lydekker,  Cat.  Eept.  pt. 

iv.  1890,  p.  270  (Portland  Oolite,  I.  of  Portland:  centrum). 

^  Subsequent  references  to  this  work  are  briefly  entered  "  Cat.  Eept." 
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Jguanodon  Dawsoni,  Lyd. :  Lydekker,  Quart.  Joam.  Geol.  Soc.  vol.  xln.  1890,  p. 

38,  f.  1  B,  and  Cat.  Kept.  pt.  iv.  1890,  p.  259. 

Jitt&ni,  Lyd. :  Lydekker,  ibid.  pp.  38,  43,  f .  1  c,  and  ibid.  p.  260. 

hoUingtoniensit,  Lyd. :  Lydekker,  ibid.  p.  40,  f.  1  b,  2,  and  ibid.  p.  262. 

cervical  vertebra  of :  Lvdekker,  ibid.  p.  44,  f.  3. 

Megalosaurus  Dunkeriy  Koken:  Lydekker,  Quart.  Joum.  Geol.  Soc.  vol.  xlvi.  1890, 

p.  46,    f.  4,    and   Cat.  Kept.    pt.  iv.    1890,    p.  244.      Wadhurst  Clay; 

Hastings.     [Metatarsus ;  Brit.  Mus.] 

Oweniy  Lyd. :  Lydekker,  ibid.  p.  47,  and  ibid.  p.  245. 

Metriorhynehus  Moreli,  Desl. :  Lydekker,  Quart.  Joum.  Geol.  Soc.  vol.  xlvi.  1890, 

p.  285,  f.  1. 

8upereilio9um  (Blainv.)  :  Lydekker,  Cat.  Bept.  pt.  iv.  1890,  p.  232. 

Ophthalmosaurus  icmieus^  Seeley :  Lydekker,  Cat.  Bept.  pt.  iv.  1890,  p.  267,  f.  62. 
.  FleydeUi  [n.  sp.l  B.  Lydekker,  Cat.  Bept.  pt.  iv.  1890,  p.  268,  f .  63. 

Eimmeridge  Clay  :  fiillingham  [Humerus  ;  Dorset  Mus.] 
PeUmewtes,  Lyd. :  Lydekker,  Quart.  Joum.  Geol.  Soc.  vol.  xlvi.  1890,  p.  49. 

Evami  (Seeley) :  Lydekker,  ibid.  p.  62  (olim  Pliosaurus  Evansi). 

Feloroaaurus  Conybearei  (Mant.^ :  Lydekker,  Cat.  Bept.  pt.  iv.  1890,  p.  240,  f.  53. 

humeroerigtalus  (Hulke) :  Lydekker,  ibid.  p.  241. 

LeedH  (Hulke) :  Lydekker,  ibid.  p.  242. 

Manseli  (Hulke) :  Lydekker,  ibid.  p.  241. 

Flesiaaaunu  doliehodinUf  Conyb. :  Lydekker,  Cat.  Bept.  pt.  iv.  1890,  p.  277. 
Fleurocoslus  valdensis,  Lyd. :  Lydekker,  Quart.  Joum.  Geol.  Soc.  vol.  xlvi.  1890,  p. 

182,  pi.  ix. 
Fliosaurus  brachydirm^  Owen :  Lydekker,  Cat.  Bept.  pt.  iv.  1890,  p.  271.     (Teeth; 

Kimmeridge,  I.  of  Portland.   Head  of  ischium  and  propodial ;  Portland  Oolite, 

I.  of  Portland.) 
■  Evansi,  Seeley :  v.  Feloneustea  Evansi. 

feroxy  Sauv. :  Lydekker,  Cat.  Bept.  pt.  iv.  1890,  p.  272. 

Rkamphwrkynehus  jessoni  [n.  sp.],  B.  Lydekker,  Cat.  Bept.  pt.  iv.  1890,  p.  226,  and 

Quart.  Joum.  Geol.  Soc.  vol.  xlvi.  1890,  p.  431,  f.  1-4.      Oxtord  Clay; 

St.  Ives.     [Bones  ;  Brit.  Mus.l 
Steneosaurus  brevidens  (Phill.) :  Lydekker,  Cat.  Bept.  pt.  iv.  1890,  p.  234.     New 

locality  is  Great  Oolite ;  Northampton. 

Boutilieriy  Desl. :  v.  S.  robustus. 

robuslusy  B.  Owen,  Cat.  Foss.  Bent.  Mus.  B.  Coll.  Surgeons,  1854,  p.  11. 

M.  Oolite ;  Oxfordshire.     [Skull  and  mandible ;  ?  Oxford  Mus.]    [Includes 

S.  oxoniensis  and  S.  boutilierif  according  to  G.  A.  Boulenger,  in  titt!] 
Streptospondylus  Meyeriy  B.  Owen,  Cat.  Bept.  Mus.  B.  Coll.  Surgeons,  1854,  p.  16. 

Wealden ;  Brook.     [Dorsal  vertebrae,  probably  of  Jguanodon  bernisaartensis ; 

Mus.  B.  Coll.  Surgeons.] 
Suehodus  [n.  g.l  Lydekker,  Quart.  Joum.  Geol.  Soc.  vol.  xlvi.  1890,  p.  288. 

durobrivensis  [n.  sp.],  Lydekker,  ibid.  p.  288,  f.  2,  3.     Oxford  Clay; 

Peterborough.     [Manmb.  symphysis ;  Leeds  Coll.]    The  type  species. 

Syngonosaunts  macroeercusy  Seelej :  Lydekker,  Cat.  Bept.  pt.  iv.   1890,  p.  254, 

f.  60.     [Vertebra) ;  Cambndge  Greensand.] 
Teleosaurus  brevirostris,  B.  Owen,  was  first  described  in  Cat.  Bept.  Mus.  B.  Coll. 

Surgeons,   1854,  p.  8,  as  from  **  Oolite ;  Chipping  Norton."     [Skull  and 

mandible ;  P  Oxford  Mus.] 
Theeodontosaunu  platyodon  (Biley  and  Stutch.) :  Lydekker,  Cat.  Bept.  pt.  iv.  1890, 

p.  246.     (Two  crowns  of  teeth  ;  P  Keuper,  Somersetshire.) 
[Genus  non  det.J    Axis  vertebra  and  intercentrum  of  Dinosaur:   Lydekker,  Cat. 


Bept.  pt.  iv.  1890,  p.  245,  f.  55.     (See  Woodward  and  Sherbom,    Cat. 

Bnt.  Foss.  Vert.  1890,  p.  296.) 
"Horn-like  Dinosaurian  Bone,"  B.  Lvdekker,  Quart.  Joum.  Geol.  Soc.  vol.  xlv. 

(1890)  p.  185.  fig.  [P  Ungual  phalanx.] 
**  Ichnites,"  T.  P.  Barkas,   Bep.   Brit.  Assoc.   1889  (1890),  p.  565.     (Carbonif. 

Sandst.  ;  Northumberland.) 
Lydekker,  Cat.  Bept.  pt.  iv.  1890,  p.  215. 

Ayes. 

Fuliea  atra,  Linn. :  A.  Milne-Edwards,  Oiseaux  Foss.  vol.  ii.  1871,  p.  160.    Fens; 
Cambridge. 
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HtUiaetuM  peUigicu9  (Pall.) :  The  type  is  a  tihia,  not  humerus, 

Phalaerowrttx  earbo  (Linn.) :  A  coracoid  in  Brit.  Nfoa.  has  been  referred  to  as  = 

Graeulm  earbo?  by  A.  Milne -Edwards,  Oiseaux  Foss.  vol.  i.  1868,  p.  277, 

▼ol.  ii.  1871,  p.  592. 
LithomU  vulturinue,  Owen :  The  type  is  in  Mus.  Coll.  Surgeons,  not  in  Brit.  Mus. 
Tetrao  urogaUue,  Linn. :  A.  Newton  and  H.  Saunders,  in  Yarrell,  Hist.  Brit.  Birds, 

ed.  4,  1882-4,  toI.  iii.  p.  47.     [Bones ;  Cave,  Teesdale.] 

Mammalia. 

AiUmu  angUeus,  Dawk. :  Newton,  Quart.  Joum.  Geol.  Soe.  vol.  xlvi.  1890,  p.  451, 
pi.  xviii.  f .  9.    [Molar  from  nodule-bed  (Red  Crag),  Boyton ;  Mus.  Pract. 

Ake9  latifrone  (John.) :  The  type  of  Cervut  booidet  is  a  portion  of  skull,  with  beam ; 
Norwich  Mas. 

^—  machlis,  Ag. :  The  type  of  A.  pahnatue,  Ow.,  is  metacarpus,  antibrachium 
and  humerus,  Brit.  Mus. 

Bos  taurusj  var.  longifrons^  Owen:  The  type  of  B,  Umgifrons  is  a  frontlet  and 
horn-core;  Mus.  R.  Coll.  Surgeons.  This  was  first  named  Bos  brachyceros 
by  Owen,  and  subsequently  Bos  latifrons  by  Wilde.  It  is  also  the  **  Small 
ox"  of  Wood;  see  Woodward  and  Sherbom,  Cat.  Brit.  Foss.  Vert.  1890, 
p.  322.    The  type  of  Bison  minor  is  a  metatarsal ;  P  Mus.  R.  Coll.  Surgeons. 

var.  j^rimigenius  (Boi.) :  recorded  from  Crofthead  by  J.  Geikie,  Geol. 

Mao.  1868,  p.  393.     The  type  of  Bos  giganteus,  Davies,  is  a  cranium; 
Brit.  Mus. 

Capra  ibex,  Linn. :  A.  Newton,  Zool.  Ancient  Europe,  1862,  p.  13,  footnote.  Pleist. ; 

Fulboume,  Cambridge,    [r  Horns;  Camb.  mus.] 
Cervus  elaphus^  linn. :  The  type  of  Strongyloeeros  spelaus,  Ow.,  is  a  base  of  antler, 

Brit.  Mus. 
giganteus  (Blum.) :  The  type  of  Megaceros  hibemicus  is  skeleton ;  Mus. 

R.  Coll.  Surgeons.     This  is  also  the  type  of  the  genus  Megaceros.     In  the 

addenda  to  Woodward  and  Sherbom*s  Catalogue,  p.  396,  *'  page  333,"  the 

word  **  tooth  "  should  read  **  portion  of  antler." 
Baerytheruim  ovinum  (Owen) :  v.  Xiphodon  platyceps. 

Bidelphys  Colehesteri,  Owen :  There  are  some  notes  on  these  teeth  in  E.  Charles- 
worth,  Mag.  Nat.  Hist.  n.  s.  toI.  It.  app.  pp.  44-72. 
Felis  brevirostris,  Croiz.  and  Job. :   Laing,  Rep.  Brit.  Assoc.  1889  (1890),  p.  582. 

Creswell  Caves. 
Hippopotamus  amphibius,  Linn. :  The  type  of  H.  major,  Ow.,  was  a  lower  jaw, 

olim  Miss  Anna  Gumey  Coll. 
Hyracotherium  leporinum,  Owen :  W.  H.  Flower  was  the  first  to  identify  Fliolophus 

ffuipieepsy  Ow.,  with  this  species.      See  Cat.  Mus.  Vert.  R.  Cofl.  Surgeons, 

1884,  p.  380,  and  Ency.  Bnt.  vol.  xv.  1884,  p.  428.     [R.L.] 
Leueippe  Oweni,  A.  Pomel,  Cat.  M6th.  Vert.  Foss.  1853,  p.  10.     A  name  used  for 

genus  and  species  of  English  fossil  bat :  Pomel  refers  to  Geol.  Journ.  London, 

without  page  or  other  reference. 
Lutra  dubia  (Blainv.) :    E.  T.  Newton,  Quart.  Joum.  Geol.  Soc.  vol.  xlvi.  1890, 

p.  444,  pi.  xviii.  f.  1.    Red  Crag:  Woodbridge.    [R.  mandib.  ramus ;  E.  C. 

Moor  CoU.] 

JReevei  [n.  sp.],  E.  T,  Newton,  ibid.  p.  446,  pi.  xviii.  f.  2.     Norwich 

Crag ;  Bramerton.    [Lower  sectorial  molar  ;  Reeve  Coll.] 

Maeharodus  erenatidens  [n.sp.]  E.  Fabrini,  Boll.  Com.  Geol.  Ital.  vol.  xxi.  1890, 

p.  162.    (Refers  Backhouse  and  Lydekker,  Quart.  Joum.  Geol.  Soc.  vol.  xlii. 

1886,  p.  309,  pi.  X.  to  this  form.) 
Mesoplodon  Ftoris  [n.  sp.l,  E.  T.  Newton,  Quart.  Joum.  Geol.  Soc.  vol.  xlvi.  1890, 

p.  448,  pi.  xviii.  f.  7  a-c  (olim  M,  Floweri,  Flower  {ex  Canham  MS.)  non  v. 

Haast). 

Floweri,  Fl. :  ▼.  M.  Floris. 

seapkoides  [n.  sp.],  E.  T.  Newton,  ibid.  p.  450,  pi.  xviii.  f.  8.   Red  Crag; 

Woodbridge.     [^Rostrum  ;  Mus.  Pract.  Geol.] 
Mierottis  ampkibius  {Jawo..):  Newton,  Geol.  Mao.  1890,  p.  453.     [Records  mandib. 

fragment  from  Ilford  in  Mus.  Pract.  Geol.  and  says  others  are  known  from 

Crayford  and  Erith.— Pleistocene.] 
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Microius  rattieept  (Eeys.  and  Bias.) :   Newton,  ibid.  p.  453,  f .  1,  2.     [ Records 

remains  from  Crayford  and  Eiith  in  Mus.   Pract.   Geol.  and  P.   C.  J. 

SpmreU  Coll.] 
Myodes  temmus  (linn.) :  Newton,  Gbol.  Mao.  1890,  p.  455,  f.  7,  8.     FRecorded 

from  Erith  Pleistocene  :  mandib.  ramus  and  teeth,  F.  C.  J.  Spurrell  Coll.] 
t&rquatut  (Desm.J :  Newton,  ihid.  p.  454,  f.  3-6.     [Keeonled  from  Erith 

Pleistocene :  r.  mandib.  ramus,  F.  C.  J.  Spurrell  Coll.] 
Neurogymnuru»y  Filhol.     Prof.  Rosenberg,  of  Dorpat,  points  out  that  this  name, 

though  inyariably  adopted,  is  a  misprint  for  Neerogymnurus, 
Phoca  Moori  [n.  sp.],  E.  T.  Newton,  Quart.  Joum.  Geol.  Soc.  vol.  xlvi.  1890,  p. 

446,  pi.  xviii.  f.  3.   Red  Crag:  Woodbridee.   [L.  humerus;  E.  C.Moor  Coll.] 
Phocanella  minor,  P.  J.  van  Beneden :  E.  T.  Newton,   Quart.  Joum.  Geol.  Soc. 

vol  xlvi.  1890,  p.  447,  pi.  xviii.  f.  4.    Red  Crag:  Woodbridge.    [Humerus  ; 

E.  C.  Moor  Coll.] 
Flatyehoerops  Rxchardsoni,  Charlesw. :  [R.  Lydekker]  Ann.  Rep.  Yorks.  Phil.  Soc. 

1889  (1890),  p.  35,  pi.  1,  f.  1. 
Trogoniherium  minus  [n.  sp.J,  E.  T.  Newton,  Quart.  Joum.  Greol.  Soc.  vol.  xlvi. 

1890,  p.  447,  pi.  xviii.  f.  5  (?  6).  ?  Includes  incisor  from  Sizewell  Gap, 

Norwicn  Crag,  m  Geol.  Soc.  Mus.  (Owen,  Brit.  Foss.  Mamra.  1846,  p.  192). 

Red  Crag;  Woodbridge.   [R.  maxilla  ;  E.  C.  Moor  Coll.]    P  Norwich  Crag ; 

Suffolk. 
Xiphodon  platyoep».  Flower  :  "  May  be  Dacrytherium  ofiwttm,"  R.  Lydekker,  Cat. 

Foss.  Mamm.  B.M.  pt.  ii.  1885,  p.  187. 


N.6.— General  information  on  the  distribution  of  Pliocene  and 
Pleistocene  Fossil  Yertebrata  will  also  be  found  in  the  following 
works : — 

W.  Whitaker,  "  The  Geology  of  London  and  of  Part  of  the  Thames 
Valley,"  2  vols.  8vo.,  London  (Geol.  Survey),  1889. 

C.  Rbid,  "  The  Pliocene  Deposits  of  Britain,"  8vo.,  London  (Geol. 
Survey),  1890.  W.  and  S. 

ITOTICES      OIF      3S^E3S^OII^S- 


L — Prof.  Capsllini  on  a  Fossil  Italian  Species  of  TomtBioma. 
G.     Capbllini.       Sul    Coggodrlliano     Garialoide    (Touistoma 
oalaritanub),  sooperto  nella  Collina  di  Cagliari  nel  1868. 
Mem.  Ac.  Line.  (4)  Vol.  VL  1890,  4  Plates. 

TILL  within  the  last  few  years  the  existing  Schlegel's  Gharial,  of 
Borneo,  was  the  only  known  representative  of  the  genus 
Tomisioma,  the  skull  of  which  is  readily  distinguished  from  that  of 
the  Gangetic  Gharial  {GariaHs  gangeiicus)  by  the  forward  extension 
of  the  nasals  to  join  the  premaxillsd  in  the  long  snout  Within 
that  period  fossil  remains  of  this  genus  have,  however,  been 
determined  from  the  Miocene  of  Malta  (T.  champsoides)  and 
Lower  Austria  (T,  eggenhur gen se),  yrhile  it  has  been  suggested  that 
Blainvilje's  Crocodilua  macrorhynchus,  from  the  Cretaceous  Pisolite 
of  France,  might  al^o  be  included  in  the  same  genus.  In  the 
memoir  before  us  the  learned  Professor  of  the  University  of 
Bologna  makes  us  acquainted  with  a  third  species  from  Italian 
strata,  for  which  he  proposes  the  name  T.  calaritanua}  This 
species  is  described  upon  the  evidence  of  a  skull,  somewhat 
imperfect  posteriorly,  which  was  obtained  in  1868  from  beds  at 
^  T.  ealaritanum  vould  appear  to  be  more  correct. 
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Cagliari,  which  are  probably  of  Miocene  age.  Prof.  Capellini  first 
gives  us  a  plate  illustrating  the  specimen  in  the  condition  in  which 
it  was  obtained  from  the  quaiTy,  and  then  a  larger  plate  showing 
the  skull  completely  extracted  from  its  matrix.  All  the  characteristic 
features  of  the  genns  Tomistoma  are  displayed  in  these  plates,  so 
that  there  is  no  donbt  as  to  the  con-ectness  of  the  generic  determina- 
tion. The  general  characters  are  also  very  similar  to  those  of  the 
Austrian  T.  eggenhurgense  (which  the  author  considers  is  rightly 
included  in  Tomistoma,  although  originally  described  as  Gavialo- 
suehus) ;  but  the  snout  is  relatively  shorter  and  thicker,  and  the 
supratemporal  fosses  are  more  nearly  circular. 

The  gradually  accumulating  evidence  of  the  abundance  of  Tomistoma 
during  the  Tertiary  period  in  Europe  shows  conclusively  that  the 
solitary  existing  species  of  the  genus  is  one  of  the  many  instances  of 
the  survival  in  the  Oriental  region  of  ancient  European  types. 

We  may  mention  in  passing  that  the  author  adopts  the  amended 
name  Oarialis  in  place  of  the  ordinary  and  incorrect  Qavialis. 

E.  L. 

ir. — Dr.  Otto  Jaksl  on  Pbrfokatino  Funqi  in  Fossil  Elasmo- 

BBANOH   TeBTH. 

"Gangs  von  Fadbnpilzbn  {Myeelites  ossifragus,  Roux)  in  Dbntin- 
BiLDUNGBN."  By  Otto  Jabkel.  [Sitzuugsb.  Oes.  natui*f. 
Freunde,  1890,  pp.  92-94.] 

DURING  the  microscopical  examination  of  sections  of  the  fossil 
rostral  teeth  of  Pristiophorvs,  Dr.  Jaekel  observed  the  minute 
branching  tubes  of  a  boring  organism.  The  latter  he  regards  as 
a  fungus  already  described  by  W.  Roux  as  infesting  bones  and  teeth. 
Similar  borings  are  recorded  in  "  Sphenodus  omatif**  Corax  heterodon, 
Acanthias  orpiensis,  Notidnnus  primigeniust  and  a  new  extinct  species 
of  Trygon,  We  would  add  that  similar  borings  have  already  been 
noticed  in  fish-scales  from  the  English  Chalk. 


III. — Dr.   W.   Dambs    on    a    Nothosaurian  Reptile  from    the 
Mubghbleale. 

**  Anarosaurus  pumilio,  nov.  gen.,  nov.  sp."     By  Prof.  W.  Dames. 
[Zeitschr.  deutsoh.  geol.  Ges.  1890,  pp.  74r-86,  pi.  i.] 

THE  author  describes  the  remains  of  the  head,  neck,  and  abdominal 
region  of  a  small  Nothosaurian,  from  the  Lower  or  Middle. 
Musohelkalk  of  Remkersleben,  west  of  Magdeburg.  The  specimen 
is  preserved  in  the  Royal  University  Museum,  Gottingen,  and  it  is 
well  shown  with  its  counterpart,  of  the  natural  size,  in  the  plate 
accompanying  the  memoir.  At  first  sight  the  reptile  appears  to  be 
a  miniature  Nothosaurus^  but  it  is  considered  to  be  generically 
distinguished  by  the  club-shaped  form  of  its  lower  side-teeth,  and 
by  the  total  absence  of  a  cleft  in  the  glenoid  border  of  its  coracoid. 
Anarosaurus  (as  the  new  genus  is  termed)  is  also  distinguished 
from  Lariosaurus  by  its  dentition,  and  differs  from  the  type  species 
of  the  latter  in  the  slenderuess  of  its  ribs  and  femur,  and  in  the 
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relatively  greater  length  of  the  neck.  Fachypleura  (or  Neusti- 
cosauruB)  has  no  front  teeth  Buch  as  characterize  the  form  novr 
described,  and  there  are  differences  in  the  limbs.  Dactylosawus  ia 
also  excluded  from  comparison  both  by  its  short*  stout,  cervical 
vertebrae,  and  by  the  absence  of  an  epicondylar  foramen  in  the 
humerus.  Dr.  Dames'  study  of  the  subject  leads  him  to  conclude, 
that  all  the  Triassic  Nothosaurus -like  reptiles  may  well  be  comprised 
within  a  single  family,  that  of  Nothosauridad ;  while  the  remarkable 
Mesosauridad  ought  not  to  be  regarded  as  very  closely  related. 

A.  S.  W. 


lY. — On  the  Mexican  Meteorites,  with  especial  regard  to  the 

SUPPOSED    OCOURRENOE    OF    WIDE-SPREAD    MeTEORITIO    ShoWERS. 

By   L.   Fletcher,   M.A.,    F.R.S.,    with    maps    of    the   region. 
Mineralogical  Magazine,  Vol  IX.  No.  42,  pp.  91-180. 

IN  this  most  important  contribution  to  Meteoritic  Literature,  Mr, 
Fletcher  first  points  out  that  the  **  prevalent  belief  in  wide- 
spread meteoritic  [showers  "  is  **  as  regards  the  desert  of  Atacaraa, 
based  on  insufficient  evidence,"  and  then  goes  on  to  make  observa- 
tions, from  which  it  would  appear  that  he  includes  Mexico  in  this 
statement  Mr.  Fletcher  notes  the  Meteoritic  falls  actually  observed 
(only  seven  in  number) ;  the  localities  in  which  Meteoritic  masses 
have  been  found ;  the  distribution  in  each  locality ;  the  transporta- 
tion of  masses ;  the  natural  or  artificial  dispersion  of  masses  belonging 
to  a  single  type;  and  the  facts  which  seem  to  him  to  prove  that 
many  of  the  masses  probably  belong  to  a  single  fall.  Numerous 
other  points  are  also  carefully  considered  and  the  history  of  each 
known  mass  is  treated  in  detail,  the  actual  locality  being  shown  oa 
the  maps  appended.  Although  dealing  with  the  Meteoritic  falls 
in  a  limited  district,  this  paper  throws  a  great  light  on  the  general 
subject  and  will  be  found  most  instructive  to  all  those  who  are 
interested  in  cosmical  phenomena. 


R  E  "V^  I  E  ^W  S. 


I. — Dr.  Bistori  on  Fossil  Italian  Apes. 
Bistori,  6.     Le  Sgimmie  Fossilx  Itauane.    Boll.  Com.  Qeol.  YoL 
VIL  Nos.  6-8  (1890). 

IN  this  communication  the  author  affords  us  some  important 
and  interesting  information  as  to  the  affinities  of  the  fossil  Ape 
from  the  Miocene  of  Monte  Bamboli  known  ns  Orcopithecus  hamhoUu 
This  Ape  was  originally  described  by  Gervais  on  the  evidence  of  aa 
imperfect  lower  jaw  of  an  immature  individual ;  and  was  then 
regarded  as  being  a  true  anthropoid.  Quite  recently,  however,  Dr. 
Max  Schlosser  came  to  the  conclusion  that  the  genus  has  nothing 
to  do  with  that  group,  but  was  very  closely  allied  to  Cynocephalm. 
Dr.  Bistori  now  describes  and  figures  a  number  of  imperfect  jaws, 
and  considers  that  while  there  are  undoubtedly  some  signs  of  affinity 
with    the    Cercopithecida,    as   represented  by    Semuopithecus    and 
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CynoeephalttBf  yet  there  are  others  of  fully  equal  importanoe  con- 
necting it  with  the  SimiidcBj  the  characters  being,  indeed,  so  equally 
balanced  that  the  author  appears  to  be  undecided  to  which  family  it 
should  be  referred.  Among  the  characters  allying  Oreopithecus  to 
the  inferior  apes  are  the  great  length  of  the  dental  series,  and  the 
elongation  of  the  last  molars — especially  those  of  the  lower  jaw. 
On  the  other  hand,  anthropoid  affinities  are  displayed  in  the  short- 
ness of  the  face,  the  rounding  of  the  chin,  and  the  contour  of  the 
molars,  in  which  the  tubercles  are  arranged  diagonally,  and  do  not 
exhibit  the  complete  cross-crests  of  the  Simiida.  The  species  wai^ 
or  somewhat  larger  size  than  a  Gibbon  ;  and  it  appears  highly 
probably  that  the  author  is  right  in  considering  this  interesting  form 
as  one  of  the  ancestors  of  the  existing  anthropoid  Apes. 

The  remainder  of  the  paper  is  devoted  to  the  consideration  of 
Semnopiihecw  monspessulanus  and  Macacus  (Inutis)  florerUinus  of  the 
Pliocene  of  the  Val  d*Arno.  The  latter  was  originally  tlesoribed  by 
Coochi  as  the  type  of  a  distinct  genus,  under  the  name  of  Aulaxinuun ; 
and  it  appears  that  Dr.  Forsyth  Major's  Maeactu  ausonianus  is  merely 
a  synonym  of  this  form. 

We  are  much  interested  to  learn  that  this  memoir  is  one  of  a  series 
intended  to  illustrate  the  whole  of  the  Mammalian  fauna  of  the 
Italian  Tertiaries,  if  the  necessary  funds  are  supplied  by  the  Govern- 
ment. The  importance  of  such  a  series  cannot  be  overestimated, 
not  only  to  the  students  of  Italian  paJssontulogy,  but  likewise  to 
those  of  other  countries— and  more  especially  England.  We  there- 
fore most  earnestly  hope  that  the  Italian  Government  will  be  induced 
to  afford  the  supplies  necessary  to  continue  this  most  important 
work,  which  we  feel  sure  will  be  well  carried  out  under  the  direction 
of  Professor  Stoppani.  E.  L. 


II. — Dr.  K.  a.  von  Zittbl's  Handbook  of  Paleontology. 

Handbucu  dbr  Paljsontolooik — Palaozoologie,  Band  III.  Lief.  4. 
By  Karl  A.  von  Zittel.  pp.  633-900,  woodcut  figs.  661-719. 
(R.  Oldenbourg,  Munich  and  Leipzig,  1890.) 

THE  fourth  part  of  the  third  volume  of  this  work,  relating  to 
PalsBOzoology,  has  just  been  issued,  and  extends  to  the  end  of 
the  section  Aves.  The  index  and  title-page  of  vol.  iii.  are  also  added, 
and  there  is  a  short  list  of  Corrigenda,  chiefly  in  connexion  with 
the  class  Pisces.  The  Order  Crocodilia  occupies  the  first  fifty  pages, 
and  is  regarded  as  comprining  the  three  suborders  of  Parasuchia, 
Pseudosuchia,  and  Eusuchia  ;  the  second  being  founded  for  the 
reception  of  the  remarkable  Triassic  genera  Aeiosaurus,  TypothoraXf 
and  Byoplax,  while  the  third  includes  both  the  Eusuchia  and 
Mesosuchia  of  Huxley's  classification.  Few  of  the  illustrations  are 
new,  but  the  selection  of  published  figures  is  such  as  to  render  Dr. 
von  Zittel's  account  the  most  completely  illustrated  synopsis  of  the 
order  that  has  hitherto  appeared.  The  number  of  genera  with 
appended  queries  shows  how  much  scope  for  investigation  still 
remains  for  any  one  able  to  undertake  an  extended  review  of  available 
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materials ;  and  there  will  doubtlees  be  much  difference  of  opinion 
upon  some  of  the  author's  views  of  synonymy.  The  difficult  task  of 
presenting  an  impartial  and  comprehensible  rhume  of  the  Dinosauria 
(as  they  are  still  termed)  is  accomplished  in  Dr.  von  Zittel's  best 
style.  Several  pages  are  devoted  to  the  history  of  the  classification 
of  the  order,  with  an  outline  of  its  principal  osteological  characters ; 
and  considerable  space  is  then  occupied  with  a  detailed  account  of 
each  of  the  principal  types.  Three  subordinal  divisions — Sauropoda, 
Theropoda,  and  Orthopoda — are  adopted,  and  of  the  numerous  illus- 
trations no  less  than  two-thirds  are  the  fine  woodcuts  published  in 
the  well-known  memoirs  of  Prof.  Marsh.  In  contributions  to 
knowledge  of  this  order,  indeed,  Europe  sinks  into  insignificance, 
except  as  regards  the  IguanodontidiB,  Compsognathidae,  and 
ZanclodontidsB.  As  in  the  case  of  the  Crocodilia,  some  of  the 
nomenclature  adopted  will  not  meet  with  general  approval,  especially 
in  the  New  World  ;  but  Dr.  von  Zittel  has  wisely  selected  for  special 
prominence  a  series  of  the  most  satisfactorily  preserved  types, 
recording  them  under  the  names  they  received  in  the  original 
memoirs,  thus  enabling  the  student  and  general  reader  to  obtain  a 
clear  idea  of  the  subject  without  becoming  involved  in  the  perplexi- 
ties of  synonymy,  which  none  but  a  specialist,  with  the  actual 
materials  before  him,  can  understand.  The  Pterosauria  constitute 
the  last  order  of  Heptiles  discussed,  and  are  illustrated  by  several 
fine  figures  of  remains  from  the  Bavarian  Lithographic  Stona  The 
author's  well-known  memoir  of  1882  forms  the  basis  of  much  that 
has  scarcely  been  incorporated  in  a  text-book  previously  ;  and  the 
introduction  of  the  graphic  restored  figure  of  Hhamphorhynehus, 
originally  adorning  that  memoir,  is  a  new  feature  in  the  present 
'*  Handbuoh." 

The  preliminary  chapter  to  the  class  Aves  is  of  the  usual  concise 
and  complete  character ;  and  in  the  systematic  description  the  three 
orders  of  Saumrse,  Ratitae,  and  Carinatsa  are  recognized.  Owen's 
original  figure  of  Archaopteryx  is  not  dispensed  with,  as  often 
happens  now,  to  make  way  for  an  illustration  of  the  beautiful  fossil 
in  Berlin ;  but  both  are  given,  the  one  made  to  supplement  the  other. 
Hochstetter's  restored  portrait  of  Dinomis  is  as  effective  as  the  sketch 
of  Rhamphorhynehus  already  mentioned,  and  forms  a  well-chosen 
contrast  to  the  dry  bones  on  the  succeeding  pages.  The  genera 
Meionomis  and  Palapteryx  are  admitted  as  distinct  from  Dinomia, 
but  the  so-called  Euryapteryx  becomes  a  synonym  of  the  second,  as 
determined  by  Button  and  Fiirbringer.  The  OdontolcaB  are  referred 
to  the  RatitsB,  and  the  Odontormn  to  the  Carinatsd;  and  the 
numerous  recent  families  of  Carinatsd  with  extinct  representatives 
are  arranged  in  sixteen  suborders,  the  latest  researches  of  Fiirbringer 
being  especially  taken  into  consideration.  Most  of  the  genera  ai-e 
simply  recorded,  but  a  brief  statement  of  characters  or  distribution 
is  given  in  the  case  of  some  of  the  principal  types ;  and  the  only 
important  omission  in  the  references  to  literature  we  notice  is 
Symington  Grieve's  work  on  the  Great  Auk. 

The  index  to  the  volume,  comprising  both  genera  and  species, 
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occapies  thirty-four  pages  of  three  columns  each,  and  both  studenta 
and  investigators  in  the  Palaeontology  of  the  Lower  Vertebrates  will 
feel  that  at  last  they  have  some  definite  and  satisfactory  basis  to 
work  upon.  Dr.  von  Zittel  is  to  be  congratulated  upon  the  com- 
pletion of  another  part  of  his  laborious  undertaking,  and  the  mo«t 
gratifying  reward  that  the  Professor  can  receive  must  be  the  very 
evident  improvement  in  the  respective  authors'  knowledge  of  the 
literature  of  the  subject  in  recent  contributions  to  the  Palseontology 
of  Fishes,  Amphibians,  and  Beptiles.  A.  S.  W. 

III. — Dr.  Otto  Jabkkl  on  thk  Ststkmatio  Position  and  Fossil 
Kemains  of  Pristiophorua, 

"UeBER   DTK   STSTEMATISOnE    StKLLUNO   UND    UEBER    FOSSILE   EbSTB 

DER   Gattunq  Pristiophorm"      By  Orro   Jaekbl.      [Zeitscbr. 
deutech.  geol.  Ges.  1890,  pp.  86-120,  pis.  ii.-v.] 

THIS  is  a  valuable  contribution  to  our  knowledge  of  an  interesting 
Selachian  family,  of  which  few  traces  have  been  met  with 
among  fossils.  Six-sevenths  of  the  memoir  relate  to  the  skeleton 
of  the  existing  species,  comprising  observations  made  in  the  Berlin 
and  British  Museums;  and  the  remaining  pages  are  devoted  to  a 
description  of  the  fossil  remains  regarded  by  the  author  as  pertaining 
to  the  same  type.  Prof.  Carl  Basse  has  already  recorded  vertebras 
of  Pristiophorvs  from  the  Molasse  of  Baltringen,  Wiirtemberg ;  and 
Dr.  Jaekel  now  describes  rostral  teeth  from  the  same  formation  and 
locality,  considered  to  justify  the  establishment  of  a  new  species, 
Pristiophorus  suevicus.  The  fossils  from  the  Amuri  Beds  of  New 
Zealand,  determined  by  J.  W.  Davis  to  be  caudal  spines  of  a  new 
species  of  Trygon  (T.  ensifer),  are  now  shown,  from  microscopical 
characters,  to  be  rostral  teeth  of  another  extinct  form  of  PristiophorM. 
The  remarkable  Sclerorhynchus,  from  the  Upper  Cretaceous  of  Mount 
Lebanon  is  also  discussed  and  considered  to  be  a  subgenus  of 
Pristiophorus,  As,  however,  a  discovery  in  the  British  Museum 
H  year  ago  (Proc.  Zool.  Soc.  1889,  p.  450)  suggested,  and  probably 
proved,  that  the  trunk  of  the  Lebanon  genus  had  been  erroneously 
described  under  the  name  of  Sqtiatina  crassidens,  it  may  be  well  that 
Dr.  Jaekel  should  reconsider  the  subject  There  is  a  fine  example 
of  the  so-called  S.  crassidens  in  the  Noetling  Collection  at  Berlin, 
which  will  probably  be  available  for  study  and  comparison. 

A.  S.  W. 


IV. — Proobedinos  of  the  Obologests*  Association,  VoL  XL  No.  8. 
November,  1890. 

AMONG  the  many  papers  in  this  number,  that  of  Mr.  B.  B. 
Woodward,  on  the  Pleistocene  (non-marine)  Mollnsca  of  the 
London  Basin  seems  to  be  the  most  valuable.  It  is  this  kind  of 
contribution  that  we  like  to  see,  this  collecting  together,  and  adding 
to,  of  all  available  information  on  one  subject  Indeed  in  these  days 
of  unlimited  writing,  the  author  who  takes  the  trouble  to  sift  the 
wheat  from  the  chaff  deserves  as  much,  or  even  more  thanks,  than 
he  who  adds  scrappy  notes  to  the  mass.  Mr.  Woodward  has  pre- 
sented to  us,  in  some  fifty  pages,  the  results  of  all  researches  in  the 
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Bubject,  and  further  he  has  orammed  bis  paper  with  obserrationa 
aod  notes  of  such  value,  that  it  must  constitute  the  principal  source  of 
reference  to  future  workers.  The  paper  is  well  illustrated  and  it  is 
highly  creditable  to  the  Association  that  they  have  devoted  so  much 
space  to  this,  and  so  assisted  the  reader  and  rendered  the  work  of 
greater  service.  A  list  of  the  Pleistocene  (non-marine)  Mollusca  is 
appended,  with  the  correct  nomenclature,  but  such  great  confusion 
still  exists  in  the  question  of  priority,  that  no  doubt  two  of  the 
genera  will  be  changed  in  the  addenda  to  the  completed  volume. 

A  full  report  of  the  Excursion  of  the  Association  to  the  Italian 
Yolcanoes,  by  Dr.  Johnston  Lavis  follows,  and  should  be  of  material 
service  to  those  who  could  not  avail  themselves  of  Dr.  Lavis'  per- 
sonal guidance,  on  that  interesting  occasion. 

Professor  Boulger  contributes  a  paper  on  Capulus,  containing 
the  description  of  a  new  species,  illustrated  by  a  coloured  plate. 
Other  papers  of  great  interest  by  Dr.  Wheel  ton  Hind,  Major-Gkn. 
McMahon,  T.  P.  Moody,  H.  W.  Monckton,  G.  F.  Monckton  (Gold 
Deposits  of  Nova  Scotia),  H.  M.  Klaassen,  and  W.  J.  Lewis  Abbott, 
complete  this  bulky  number,  but  space  does  not  permit  us  to  notice 
all  these  contributions  in  detail. 


V. — Beoords  of  the  Geological  Subvkt  of  Nbw  South  Wales. 
Vol.  II.  Part  1,  pp.  1-36,  with  3  tables,  2  plates  and  a  map. 
(Sydney,  Department  of  Mines,  1890.) 

I.  Mr.  T.  W.  Edokworth  David  publishes  a  proposed  "Petro- 
logical  Classification  for  the  Rocks  of  New  South  Wales,''  giving  the 
terms,  lettering  and  signs  to  be  employed  by  the  Survey. 

II.  Under  the  name  T.  Lonsdalei.  Mr.  R.  Etheridoe,  jun., 
describes  a  new  species  of  Try  plasma,  Lonsdale  {PhoHdophyllum, 
Lindstrom),  from  the  Upper  Silurian  of  N.S.  Wales.  The  "  pores  " 
described  by  Lonsdale,  the  existence  of  which  was  doubted  by 
Lindstrom,  are  explained  as  impressions  of  the  thorn-like  septa  in  the 
matrix  filling  the  inter-tabular  spaces.  In  the  same  paper  Mr. 
Etheridge  assigns  doubtfully  to  Diphyphyllum  a  new  species,  £>. 
Porteri,  from  the  Devonian  limestones  near  Tamworth,  N.S.W.  The 
specimens  show  interesting  structural  features,  and  suggest  the 
existence  of  an  inner  wall. 

III.  Mr.  W.  Anderson  has  some  notes  of  considerable  practical 
value  "  on  the  Tertiary  Deep  Lead  at  Tumbarumba,"  an  auriferous 
river-bed  covered  by  lava-flows.    The  paper  is  accompanied  by  a  map. 

IV.  In  a  paper  of  anthropological  rather  than  of  geological  interest 
Mr.  R.  Etheridoe,  jun.,  describes  and  figures  "The  Aboriginal 
Rock-Carvings  at  the  Head  of  Bantry  Bay,  Middle  Harbour,  Port 
Jackson,"  which  he  thinks  "  formed  a  portion  of  a  Bora-ground,  the 
spot  set  apart  for  the  performance  of  the  initiatory  mysteries  attending 
the  entrance  of  youths  into  manhood's  estate." 

y.  is  a  note  on  Dromomis  AuBtralis,  Owen,  by  the  same  writer. 

Possibly  the  low  price  of  this  publication — Is.  Gd.— is  held  to 
excuse  the  misprints  that  disfigure  it :  the  Oovemment  printer  should 
have  his  attention  drawn  to  these,  especially  in  Article  II. 
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♦ 
Obolooioal  Sooiktt  of  London. 

L— Nov.  12, 1890.— Dr.  A.  Geikie,  F.R.8.,  President,  m  the  Chair. 
The  PsKBiDKNT  reported  that  Mr.  L.  Belinfante  had  heen  tem- 
porarily appointed  by  the  Connoil  to  the  Office  of  Assistant-Secretary. 
The  following  comninnications  were  read  : 

1.  "On  the  Porphyritio  Rocks  of  the  Island  of  Jersey."  By 
Prof.  A.  De  Lapparent,  Foreign  Correspondent  of  the  Society. 
(Communicated  by  the  President) 

The  author  bad  some  years  ago  described  as  Permian  a  series  of 
porphyritic  rocks,  of  which  specimens  had  been  sent  to  him  from 
Jersey.  He  had  since  been  led  to  belieTC  that  this  view  of  their 
age,  arrived  at  from  what  he  knew  of  similar  rocks  in  France,  was 
erroneous,  and  in  a  recent  visit  to  the  island  had  satisfied  himself 
that  the  English  observers  who  had  assigned  to  these  rocks  a  much 
higher  antiquity  were  in  the  right  He  now  found  that  the  igneous 
n>ck8  in  question  underlie  the  Rozel  conglomerate,  which  must  be 
placed  at  the  very  base  of  the  Silurian  formations.  He  reserved  his 
detailed  statement  for  a  communication  to  the  Geological  Society  of 
France  ;  his  present  object  being  to  do  justice  to  English  geologists, 
whose  views  he  had  formerly  opposed. 

2.  '<  On  a  New  Species  of  Trionyx  from  the  Miocene  of  Malta,  and 
a  Chelonian  Scapula  from  the  London  Clay."  By  R.  Lydekker, 
Esq.,  B.A.,  F.G.S. 

(i.)  The  anterior  portion  of  a  carapace  from  the  Miocene  of  Malta 
exhibits  a  divided  neural  between  the  first  pair  of  costals,  as  in  the 
Indian  species  of  Trionyx^  and  in  Chiira,  The  author  describes  this 
Maltese  fossil,  and  discusses  its  relationship  to  Trionyx  and  Chitra, 
and  names  it  Trionyx  meliieMis, 

He  notes  the  interest  of  finding  another  Oriental  form  in  the 
Miocene  of  the  Maltese  Islands,  which  has  already  yielded  a  species 
of  TomiBtoma, 

(ii.)  A  large  scapula  from  the  London  Clay  of  Sheppey  is  referred 
to  Eosphargis  giga^,  and  is  considered  to  support  Dr.  Baur's  view  as 
to  the  intimate  affinity  between  the  Dermochelyida  and  Chelonida. 

8.  "Notes  on  Specimens  collected  by  W.  Gowland,  Esq.,  F.C.S., 
in  the  Korea."  By  Thomas  H.  Holland,  Esq.,  of  the  Geological 
Survey  of  India,  late  Berkeley  Fellow  of  the  Owens  College. 
(Communicated  by  Prof.  J.  W.  Judd,  F.R.S.,  F.G.S.) 

The  southern  half  of  Korea  traversed  by  Mr.  Gowland  is  of  a 
hilly  character.  The  rocks  forming  the  hills  are  chiefly  crystalline 
schists — gneisses  with  graphite,  garnet,  dichroite,  and  fiuor  occurring 
in  considerable  abundance,  and  the  whole  group  is  probably  part  of 
the  great  Archaean  mass  of  North-east  China.  The  author  describes 
these  metamorphic  rocks  in  detail. 

Stratified  rocks,  probably  of  Carboniferous  age,  lie  unconformably 
upon  the  schists  in  the  south-eastern  part  of  the  peninsula,  and 
petrographical  notes  of  these  are  given  in  the  paper.    Through  the 
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crystalline  sobists  and  stratified  rooks  various  igneous  rocks  have 
been  erupted  as  dykes  or  in  large  masses.  Amongst  tbese  tbe  most 
conspicuous  rock  is  granite.  Biotite-  and  rauscovite-granite  are 
most  widely  distributed,  and  in  places  are  cut  by  dykes  of  eurite 
and  veins  of  quartz  and  pegmatite.  The  more  basic  class  of  rocks 
is  represented  by  diorites,  propylites,  andesites,  basalts,  dolerites, 
and  gabbros.  Interesting  cases  of  the  gradual  passage  between  tbe 
so-called  intermediate  and  basic  rocks  are  found,  and  various  stages 
in  tbe  devitrification  and  decomposition  of  audesitic  lavas  represented. 
These  are  described  in  detail  by  the  author,  and  compared  with 
similar  cases  in  other  regions ;  and  full  descriptions  of  the  intrusive 
rocks  are  furnished. 

There  are  now  no  active  volcanoes ;  and  there  is  a  notable  lack  of 
mineral  wealth  in  the  southern  part  of  the  Korea. 

4.  "  Further  Notes  on  the  Statigraphy  of  the  Bagshot  Beds  of  the 
London  Basin  (north  side)."     By  the  Kev.  A.  Irving,  D.Sc,  F.G.S, 

1.  The  author  brings  forward  new  evidence  from  well-sections, 
clay-pits  recently  opened,  and  excavations,  confirming  the  reading  of 
the  country  between  Wellington-College  and  Wokingham  Stations 
on  the  S.E.  Railway,  as  put  forward  by  him  in  1887  (Q.  J.  G.  S. 
vol.  xliii.  and  figure  1  of  the  paper).  We  have  now  actual  data  fi)r 
the  gradients  of  the  clay-beds,  and  the  thinning-out  of  both  the 
Lower  (fluviatile)  Sands  and  of  the  Middle  green-earth  series ;  the 
latter,  when  taken  into  account,  bringing  the  clays  in  the  Wokingham 
outlier  into  stratigraphical  alignment  with  the  basal  clays  of  the 
Middle  Group.  Certain  clays  at  California  are  also  shown  to  be  in 
alignment  with  these  ;  and  a  sketch-section  from  Ambarrow  to 
Barkham  Hill  shows  the  relative  gradients  of  certain  horizons  to  he 
such  as  to  justify  the  relegation  of  the  Pebble- bed  there  to  the  base 
of  the  Upper  Sands  ;  while  a  microscopical  examination  of  the  sands 
above  it  brings  out  the  lithological  identity  of  these  and  of  the  sands 
capping  Farley  Hill  with  the  basal  beds  of  the  Upper  Sands  at 
Wellington  College  and  on  Finchampst^ad  Ridges.  The  accidental 
occurrence  of  thin  seams  of  pipe-clay  is  rejected  as  a  test  of  horizons, 
as  affording  only  ambiguous  evidence. 

2.  A  similar  succession  is  shown  in  a  section  drawn  from  Wel- 
lington College  Well  through  the  sand-pit  at  the  brick-yards  by 
Ninemile  Ride  (base  of  the  Middle  Clays  exposed),  Easthampstead 
Church  Hill  (with  more  recent  data),  and  Bill  Hill  (Easthampstead), 
to  the  S.W.  Railwa}'  at  Bracknell,  bringing  the  higher  beds  of  those 
two  hills  into  the  horizon  of  the  Upper  Sands.  Further  notes  are 
also  added  to  those  of  the  author's  1888  paper  (Q.J.G.S.  vol.  xliv.) 
on  the  Ascot  Hills,  Englefield  Green,  and  Windsor  Park,  where  the 
transgressive  relation  of  the  Bagshot  Beds  to  the  London  Clay  is 
maintained. 

3.  In  conclusion,  the  author  points  out  that  the  new  well-sections 
confirm  the  trustworthiness  of  that  at  Wellington  College  as  a 
vertical  datum-line  ;  he  criticises  the  views  of  previous  writers  and 
maintains  that,  with  the  aid  of  Lieut.  Lyons*  recently  published 
contour-map,  we  can  now  discriminate  between  the  effects  of  con- 
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temporaneous  and  post- Eocene  earth- movements  in  tbe  area ;  and 
that  the  physical  history  of  the  Bagshot  Beds,  which  he  has  himself 
propounded,  is  substantiated  by  the  stratigraphical  evidence. 

11.— Nov.  26, 1890.— A.  Geikie,  F.R.S.,  President,  in  the  Chair. 
— The  following  communications  were  read  : — 

1.  "  Account  of  an  Experimental  Investigation  of  the  Law  that 
Limits  the  action  of  Flowing  Streams."  By  R.  D.  Oldham,  Esq., 
A.R.S.M.,  F.G.S.,  Deputy  Superintendent  of  the  Geological  Survey 
of  India. 

The  author  brings  forward  evidence  derived  from  experiments  in 
support  of  the  views  expressed  in  a  paper  submitted  to  the  Society 
in  1888.  His  apparatus  consisted  of  a  sloping  trough,  through 
which  various  amounts  of  water  containing  definite  percentages  of 
sand  could  be  sent.  The  lower  end  of  the  trough  issued  on  to  a 
semicircular  platform. 

In  three  experiments  with  the  trough  at  a  slope  of  1  in  20,  and 
with  the  same  work  to  be  done  in  each  case,  the  resulting  slopes 
after  sand  had  accumulated  in  the  trough  were  as  follows  : — With 
one  part  of  sand  to  42  of  water,  a  slope  of  1  in  40  ;  with  1  of  sand 
to  28  of  water,  I  in  20  ;  and  with  1  of  sand  to  14  of  water,  1  in  13-3. 
These  slopes  were  obtained  when  a  condition  of  equilibrium  had 
been  maintained  so  that  the  water  was  just  able  to  transport  its 
burden.  By  increasing  the  supply  of  water  from  14 : 1  to  42  : 1,  the 
original  slope  was  eventually  obtained. 

On  the  fan  formed  on  the  horizontal  platform  variations  in  the 
water  supply  did  not  produce  nearly  so  marked  an  effect  as  in  the 
confined  channel,  and  the  slope  varied  considerably  in  different 
directions. 

After  a  time  a  channel  was  cut  back  into  the  fan,  and  its  sand 
swept  forward  and  deposited  as  a  secondary  fan  in  front  of  the  first ; 
and  as  this  grew,  it  cut  back  into  the  reach  above,  and  this  in  turn 
cut  back  towards  the  head  of  the  fans,  and  sometimes  into  the 
trough.  In  some  cases  other  secondary  fans  were  formed  on  the 
margin  of  the  main  fan,  but  the  apparatus  was  not  large  enough 
for  further  formations.  The  general  slope  of  the  fans,  both  primary 
and  secondary,  was  '06,  and  that  of  the  reach  only  -04,  while  at  the 
head  of  the  reach,  where  it  was  cutting  back  into  the  face  above, 
there  was  a  gradient  of  -08 

The  general  tendency  of  the  experiments  supports  not  only  the 
specific  conclusions  as  to  the  normal  form  and  behaviour  of  a  river 
which  has  attained  a  state  of  equilibrium,  but  to  a  greater  degree 
the  fundamental  assumption  that  a  river  will  adapt  its  channel  to 
such  a  slope  and  form  as  will  enable  it  to  just  transport  a  solid 
burden  cast  upon  it. 

2.  "On  the  Rocks  of  North  Devon."  By  Henry  Hicks,  M.D., 
F.R.S.,  SecG.S. 

During  a  recent  visit  to  North  Devon  the  author  obtained  evidence 
which  has  led  him  to  believe  that  far  too  little  importance  has 
hitherto  been  assigned  to  the  results  of  movements  in  the  Earth's 
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orust  as  affeoting  the  suooession  of  the  rocks  in  that  area.  The  sup- 
posed continuous  upward  succession  from  the  rocks  on  the  shore  of 
the  Bristol  Channel  to  those  in  the  neighbourhood  of  Barnstaple, 
including,  according  to  some  authors,  no  less  than  ten  groups,  and 
classed  into  three  divisions  under  the  names  Lower,  Middle,  and 
Upper  Devonian,  is,  the  author  believes,  an  erroneous  interpretation. 
The  beds,  he  says,  have  been  greatly  plicated  and  faulted,  and  con- 
sequently several  times  repeated,  and  instead  of  being  one  continuous 
series,  they  occur  folded  in  more  or  less  broken  troughs.  In  the 
Morte  Slates,  previously  considered  unfossiliferous,  the  author  found 
a  Lingular  and  he  believes  that  these  slates  are  the  oldest  rocks  in 
the  area,  and  formed  the  floor  upon  which  the  Devonian  Rocks  were 
deposited  unconformably.  As  the  result  of  movements  in  the  Earth*s 
crust,  the  Morte  Slates  have  been  brought  to  the  surface  and  thrust 
over  much  newer  rocks,  producing  a  deceptive  appearance  of  over- 
lying the  latter  conformably.  The  Morte  Slates  mark  the  dividing 
line  between  the  two  main  troughs.  On  the  north  side  in  ascending 
order  are  the  Hangman  (or  Lynton),  Combe  Martin  Bay,  and  Ilfra- 
Gombe  Beds,  and  on  the  south  side  the  Pick  well  Down,  Baggy  Point, 
and  Pilton  Beds.  Those  on  the  south  side  of  the  Morte  Slates  are, 
the  author  believes,  a  repetition  of  the  beds  on  the  north  side.  The 
palft^ontological  evidence  is  not  antagonistic  to  this  view,  for  aa 
analysis  of  the  Brachiopoda,  the  only  group  of  fossils  in  the  beds  oa 
the  south  side,  which  hitherto  have  been  systematically  examined, 
shows  that  of  the  twenty  species  mentioned  by  Mr.  Davidson  and 
others  as  occurring  in  the  Pickwell  Down,  Baggy  Point,  and  Pilton 
Beds  (the  so-called  Upper  Devonian  rocks),  no  less  than  thirteen 
have  already  been  found  in  the  Middle  or  Lower  Devonian  rocks  on 
the  north  side  of  the  Morte  Slates.  Four  others  are  recognized 
Middle  Devonian  species  in  other  areas;  and  the  three  remaining 
are  either  doubtful  species  or  ones  which  have  a  great  vertical  range. 
These  facts  show  that  the  so-called  Upper  Devonian  rocks  in  this 
area  do  not  contain  a  distinguishing  fauna  of  any  importance ;  and 
the  stratigraphical  evidence  is  opposed  to  the  view  that  they  are 
a  series  of  rocks  distinct  from  those  on  the  north  side  of  the  Morte 
Slates,  which  have  been  classed  as  Middle  and  Lower  Devonian. 


IIL— December  10,  1890.— Dr.  A.  Geikie,  F.R.S.,  President,  in 
the  Chair. — The  following  communications  were  read : — 

1.  **  On  some  Water- worn  and  Pebble- worn  Stones  taken  from 
the  Apron  of  the  Severn  Commissioners'  Weir  erected  across  the 
River  at  Holt  Fleet  about  eight  miles  above  Worcester."  By  Henry 
John  Marten,  Esq.,  M.InstC.E.,  F.G.S.,  etc.,  Engineer  to  the  Severn 
Commissioners. 

The  Weir  referred  to  in  the  paper  was  built  in  1844  of  soft  red 
sandstone,  and  some  of  the  stones  composing  the  apron  of  the  Weir 
showing  signs  of  decay  were  removed  in  1887.  The  average  quan- 
tity of  water  passing  over  each  square  foot  of  the  stones  composing 
the  apron  has  been  estimated  at  about  2000  gallons  per  minute.    A 
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large  proportion  of  the  stones  had  been  drilled  through  and  through 
by  the  action  of  the  current  upon  Bmall  pebbles  lodged  in  hollows  or 
between  the  joints  of  the  stone ;  and  the  author  estimates  that  as  a 
result  of  43  years  of  erosion,  six  of  the  stones  of  the  apron,  which 
may  be  taken  as  a  sample,  had  lost  the  following  amounts  respec- 
tiYely  :— 45,  60,  48,  50,  37,  and  68  per  cent. 

2.  "  On  the  Physical  Geology  of  Tennessee  and  adjoining  Districts 
in  the  United  Stetes  of  America."  By  Prof.  Edward  Hull,  M.A., 
IiL.D.,  F.R.S.,  F.G.S.,  late  Director  of  the  Geological  Survey  of 
Ireland. 

The  area  described  in  the  paper  is  occupied  by  the  Unaka  or  Blue 
Bidge,  which  may  be  regarded  as  one  of  the  parallel  ridges  of  the 
Alleghanies,  and  the  prolongation  of  Prof.  J.  D.  Dana's  ''  Archaean 
Frotaxis."  It  runs  in  a  general  south-westerly  direction,  and  attains 
an  elevation  of  6760  feet.  At  its  base,  and  to  the  north-west  of  it, 
is  the  Valley  of  East  Tennessee,  about  40  miles  wide,  and  furrowed 
by  north-east  and  south-west  ridges  and  depressions,  parallel  to  the 
strike  of  the  Cambrian  and  Silurian  beds.  Through  this  runs  the 
Tennessee  Biver,  which,  instead  of  running  south  to  the  Gulf  of 
Mexico,  turns  to  the  north-west,  some  distance  below  Chattanooga, 
and  cuts  through  the  Cumberland  table-land,  a  prolongation  of  the 
Appalachian  mountains,  and  flows  into  the  Ohio  Uiver. 

The  Cumberland  table-land  has  an  average  height  of  2000  feet 
above  the  sea,  and  1350  feet  above  the  Tennessee  Biver  at  Chatta- 
nooga. It  consists  of  a  synclinal  of  Carboniferous  rocks  resting 
conformably  upon  the  Devonian  beds,  and  is  bounded  along  the  East 
Tennessee  Valley  by  a  curved  escarpment ;  a  similar  though  more  in- 
dented escarpment  forming  its  north-western  margin,  and  separating 
it  from  the  Silurian  plain  of  Nashville.  The  table-land  is  about  40 
miles  wide,  and  is  intersected  by  the  valley  of  the  Sequachee  Biver, 
running  in  a  north- esisterly  direction  along  a  subsidiary  anticline 
from  near  Jasper  for  a  distance  of  sixty  miles. 

From  the  base  of  the  Cambrian  beds,  the  whole  Lower  and  Upper 
Palaeozoic  formations  succeed  each  other  in  apparently  conformable 
sequence,  except  at  the  junction  of  the  Upper  and  Lower  Silu- 
rian series,  where  a  probable  discordance  occurs.  The  prolonged 
period  of  subsidence  and  deposition  at  length  gave  way  to  elevation ; 
acting  with  the  greatest  effect  along  the  Alleghanies.  Under  these 
circumstances,  denudation  proceeded  most  rapidly  along  the  tract 
bordering  the  Protaxis,  whilst  the  synclines  were  protected  from 
erosion  to  a  greater  degree ;  and  as  the  elevatory  movement  was 
more  rapid  along  the  Unaka  range,  the  flow  of  the  streams  was 
generally  westward.  At  a  later  period  the  Cumberland  plateau 
began  to  be  formed  by  backward  erosion  of  the  strata  in  the 
direction  of  the  dip ;  so  that  it  owes  its  development  to  the  erosion 
of  the  Tennessee  and  Clinch  Bivers  on  the  one  hand,  and  to  the 
Cumberland  Biver  on  the  other.  Where  the  Tennessee  Biver  flows  in 
a  north-westerly  direction  through  the  Cumberland  plateau,  the  divide 
between  it  and  the  Gulf  of  Mexico  is  only  280  feet  above  the  river- 
bed, whilst  the  table-land  is  1400-1500  feet  above.     The  author 
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infers,  therefore,  that  when  the  river  began  to  erode  its  channel,  the 
plateau  was  relatively  lower  than  the  tract  to  the  south  of  the 
present  course  of  the  stream,  but  that  by  denudation  the  relations 
have  been  reversed,  whilst  the  river  has  never  left  its  originally 
selected  course. 

The  author  compares  the  state  of  things  with  that  which  must 
have  occurred  in  the  case  of  the  northerly  rivers  running  from  the 
centre  of  the  Wealden  axis ;  but  mentions  that  Prof.  Safford  and 
Mr.  J.  Leslie  account  for  the  Cumberland  plateau  by  faulting,  though 
he  thinks  that  the  well-defined  escarpment  along  the  valley  of  East 
Tennessee  seems  to  show  that  this  cause  is  insufficient. 

In  conclusion,  he  believes  that  the  denudation  was  accelerated 
during  the  pluvial  or  "  Cham  plain  "  period,  and  calls  attention  to 
the  ''Cohimbia  formation  "  on  the  east  side  of  the  AUeghanies,  and 
to  the  deposit  of  red  loam  by  which  the  surface  of  the  country  of  the 
valleys  of  the  Tennessee  and  Sequachee  is  overspread,  and  which  is 
probably  referable  to  a  similar  stage. 

8.  "On  certain  Omithosaurian  and  Dinosaurian  Bemains.'*  By 
B.  Lydekker,  Esq.,  B.A.,  F.G.S. 

The  author  is  indebted  to  Professor  0.  C.  Marsh  for  the  correct 
determination  of  the  bones  described  in  the  paper. 

1.  Omithosaurian  Quadrates. — The  reptilian  bones  in  the  British 
Museum,  Nos.  43034,  44183,  and  41179,  are  Omithosaurian  quad- 
rates. The  two  latter  belonged  to  the  right  side  of  the  skull.  The 
distal  extremity  of  each  forms  a  deeply  grooved  oblique  trochlea, 
above  which  is  a  nearly  quadrangular  shaft.  To  the  inner  side  of 
this  shaft  is  attached,  by  suture,  a  flattened  plate  of  bone,  concave 
internally,  and  convex  externally,  representing  part  of  the  pterygoid ; 
so  that  the  relation  of  the  quadrate  to  the  pterygoid  in  the  OmithO' 
sauria  is  the  same  as  in  the  Rhynchocephalia. 

The  smaller  quadrate  would  agree  approximately  in  relative  size 
with  the  so-called  Pterodactyhts  Manseli,  Owen,  and  the  larger  more 
nearly  with  the  so-called  Pt.  suprajurensis,  Sauvage,  both  of  which 
may  be  provisionally  referred  to  Rhamphorhynchus. 

2.  Tibia  of  CcBluraid  Dinosaur. — The  author  would  provisionally 
refer  the  right  tibia  of  a  small  Dinosaur  from  the  Wealden  of  the 
Isle  of  Wight,  which  had  been  incorrectly  referred  to  HypsUophodoUj 
to  the  species  originally  described,  from  an  examination  of  two 
vertebrsd,  as  Calamospondylus  Foxi,  but  which  he  would  now  name 
Calamosaurus  Foxi.     It  presents  striking  avian  affinities. 


OOI2.DBESI^035rX)EITCE . 


PROF.   BONNET  AND   GENERAL  McMAHON  ON  THE  GEOLOGY  OF 
THE  LIZARD  DISTRICT. 

Sir, — In  your  last  issue,  Prof.  Bonney  in  his  characteristic  style 
refers  to  my  late  work  in  this  district.  He,  however,  at  once,  falls 
into  error  as  to  the  number  of  my  communications  to  the  Magazine. 
there  being  five,  not  four  as  stated  by  him.     The  one  he  overlooks 
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being  that  "On  the  Schists  of  the  Lizard  District/' April,  1890, 
perhaps  the  one  he  likes  least. 

As  to  the  points  in  his  letter  under  his  figures  1,  2,  3  and  4,  I 
have  no  doubt  but  that  Prof.  Bonney  will  in  good  time  demonstrate 
these  assertions ;  but  in  the  meanwhile  they  are  only  assertions. 
I  will  freely  and  gladly  admit  the  errors,  both  in  my  observations 
and  inductions,  when  proofs  are  forthcoming.  I  was  much  amused 
by  General  McMahon's  letter.  I  am  well  aware  (perhaps  before 
the  General  was)  of  the  apparent  sequence  of  the  various  rooks  laid 
down  by  the  masterly  mind  of  De  la  Beche,  and  also  (perhaps) 
I  have  seen  more  of  the  true  dykes  in  the  Lizard  District  than  has 
fallen  under  the  observations  of  General  McMahon.  There  are 
dykes,  however,  that  I  regard  as  of  contemporaneous  or  segrega* 
tion  origin. 

Independent  of  the  sequence  of  the  rocks  referred  to,  I  think  them 
the  product  of  eruptions  of  one  geological  period,  that  intermittent 
action  is  noticeable,  and  that  there  is  a  decided  passage  of  the  main 
masses  into  each  other,  and  that  the  same  magma,  oooling  under 
different  conditions,  has  given  rise  to  many  varieties  of  rock.  My 
communications  were  intended  to  lead  up  to  this  point. 

As  to  my  theory  of  the  origin  of  the  **  banded  structure,"  let 
it  with  the  others  *'  sink  or  swim."   I  care  not  which  survives. 

As  to  the  close  of  General  McMahon 's  letter,  I  much  regret  having 
to  say,  that  I  think  it  is  quite  uncalled  for. 

ToEQDAT,  9th  J)$e9mher,  1890.  AliXB.   SoMBBVAIL. 


REPORT  OP  THE  INTERNATIONAL  GEOLOGICAL  CONGRESS. 

Sir, — I  am  periodically  asked  by  friends  who  joined  the  last 
Geological  Congress  how  it  is  that  the  promised  report  to  which 
each  member  was  said  to  be  entitled  has  not  yet  appeared,  although 
some  of  us  paid  an  additional  subscription  to  expedite  its  production. 

Ought  not  the  eminent  geologists  whose  names  appeared  on  the 
circular  inviting  support  to  that  Meeting  to  be  asked  to  furnish  some 
explanation  for  this  unaccountable  delay  ?  (B.  Y)'. 

ON  DYNAMO-METAMORPHISM. 
Sib, — I  certainly  had  no  thought  of  "  rolling  back  the  develop- 
ment of  chemical  theory  a  few  decades  at  least,"  when  I  wrote  of 
energy  taking  '*  the  molecular  forms  of  heat  and  chemical  action." 
Dr.  Irving  in  his  criticism  of  this  expression  leaves  out  my  reference 
to  heat.  I  conclude  therefore  that  he  has  no  objection  to  that  part 
of  the  statement.  As  to  the  assertion  that  part  of  the  energy,  which 
previously  existed  in  the  molar  form,  was  converted  into  the  **  mole- 
cular form  of  chemical  action,"  I  was  unable  to  know  whether  Dr. 
Irving's  stricture  expressed  the  generally  received  views  upon  the 
subject,  owing  to  my  imperfect  acquaintance  with  chemistry.  I 
have,  therefore,  consulted  the  highest  authority  on  such  questions 
to  whom  I  could  apply  and  on  whose  opinion  I  can  place  reliance. 
With  respect  to  Dr.  Irving's  apparently  general  statement,  that 
"chemical  combination  must  generate  heat,"  he  replies,  that,  "when 
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carbon  is  heated  in  carbonic  acid  gas,  C  0  is  formed  with  a  disap- 
pearance of  heat ;  and,  when  nitrogen  and  oxygen  are  sufficiently 
heated  together,  an  oxide  of  nitrogen  is  formed  with  a  disappearance 
of  heat ;  and,  that  in  these  cases  the  heat  which  has  disappeared  has 
become  chemical  energy  in  the  molecules  of  C  O  or  N  O.  Whether 
it  be  atomic  energy  or  not  is  not  at  present  known,  but  as  the  mole- 
cule includes  the  atoms,  it  is  certainly  ''  molecular  "  as  distinguished 
from  ordinary  mechanical,  or  molar  energy.  Since  many  chemical 
changes,  which  only  take  place  at  very  high  temperatures,  appear 
to  be  attended  with  a  disappearance  of  heat,  it  is  at  least  not  im- 
probable that  some  of  the  changes,  by  which  minerals  are  formed 
in  the  interior  of  the  earth,  may  also  be  attended  with  a  storage  of 
energy." 

''Perhaps  Dr.  Irving  takes  exception  to  the  supposition  that 
mechanical  energy  may  be  directly  transformed  into  chemical 
energy.  If  so,  you  may  reply  that  the  known  effects  of  pressure 
upon  chemical  changes,  when  those  changes  are  attended  by  a 
change  of  volume,  afford  support  to  the  supposition.  Becent  obser- 
vations on  the  influence  of  surface  tension  on  chemical  change  by 
Liebreich,  J.  J.  Thomson,  and  others,  lead  in  the  same  direction, 
so  that  it  cannot  be  said  that  the  supposition  is  unreasonable,  even  in 
the  light  of  recent  advances  in  physical  chemistry." 

Finally  I  am  told  that  the  assertion  that  "  chemical  combination 
must  generate  heat "  is  certainly  incorrect,  and  that  the  examples  CO 
and  NO  to  the  contrary  are  **  only  two  out  of  an  immense  number/' 

Haaltum,  Cambbidgb,  13  Bee,  0.  FiSHKB. 


DYNAMOMETAMORPHISM. 

Sib, — I  must  apologize  to  Dr.  Irving  for  having  overlooked  the 
observations  to  which  he  refers.  Unfortunately  I  had  not  read  the 
work  in  question  at  the  time  when  I  wrote  my  letter. 

As  regards  the  main  subject  of  his  letter  in  your  December  num- 
ber, I  would  offer  only  a  few  words.  In  assuming  that  the  whole 
of  the  work  done  in  the  compression,  deformation,  and  friction  of 
rock-masses  passes  into  heat,  Dr.  Irving  misses  the  idea  which 
underlay  the  whole  of  my  remarks,  and  was  more  explicitly  stated 
in  Mr.  Fisher's  article.  The  direct  correlation  of  mechanical  and 
chemical  energy  was,  I  believe,  first  mooted  by  Dr.  Sorby  in  1863 ; 
but  the  practical  verification  of  it  rests  on  such  experiments  as  those 
of  Cailletet,  Pfaff,  and  Spring.  To  take  an  example :  Spring  sub- 
jects a  mixture  of  sulphur  and  copper  filings  to  a  pressure  of  5000 
atmospheres,  and  finds  it  converted  into  crystallised  copper  sulphide. 
The  operation  is  conducted  slowly,  and  the  temperature  of  the 
apparatus  kept  constant  In  other  words,  so  much  of  the  mechanic- 
ally-developed energy  as  takes  the  form  of  heat  is  carefully  removed ; 
but  chemical  combination  still  takes  place.  It  follows  that  the 
energy  absorbed  in  this  combination  comes  directly  from  the  me- 
chanical work  done,  without  the  intervention  of  heat 

St.  John's  Oollbob,  Oakbridob.  Alfbbd  Habkeb. 
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I. — On   80MS   MOBS  FO88IL   ESTHBRIJB. 

By  Professor  T.  Bupbbt  Jonbs,  F.E.S.,  F.G.S.,  etc. 

(PLATE  II.) 
IniroduetioH. 

Etthtria  membrtmaoM  of  the  Old  Red,  Orkney. 
JBttA^ria  Andrewtii  of  the  Piirheck,  Wilts. 
Ettheria  Hindei  of  the  Trias,  PennsTlTaiua. 
£stheria  minuta  {Gettnari  F)  of  the  Trias,  Saxony. 

Tar.  BrodUana  of  the  Trias,  Cheshire. 

Etthertella. 
Etthsriella  eoMtata         \  .,  ^.  ^  rr^^„   fl-^^««  • 

e,lk0rieUa  nodotcUUa  }  "'  **  ^"»'  ^""r- 
Bibliographic  history  of  the  Ettherielia, 

IN  the  September  Namber  of  the  Geological  Magazine,  1890,' 
I  offered  some  notes  on  oertain  Tiiassio  EsthericB  of  North 
America  and  Bavaria,  and  on  an  Estheria  from  the  Purbeck  strata 
of  Wiltshire.  An  interesting  example  of  E.  membranacea  from  the 
Old  Red  of  Orkney  was  figured,  bat  not  described.  We  have 
now  the  Bev.  W.  R.  Andrews's  other  Purbeck  Eatheria,  referred  to 
at  p.  389,  ready  for  description;  another  Triassic  Estheria  from 
Pennsylvania ;  and  some  most  interesting  specimens  of  the  rare 
EatherieUa,  instituted  as  a  subgenus  by  the  late  Professor  Dr.  Ch« 
Ernst  Weiss. 

Seeing  the  account  of  EBtheria  Lewiaii  in  the  Geol.  Mag.,  loc.  ciL, 
Dr.  G.  J.  Hinde,  F.G.S.,  remembered  some  specimens  he  had 
collected  in  Pennsylvania,  and  these  I  find  to  be  from  the  same 
place  (Phoenixville)  as  supplied  Mr.  0.  M.  Wheatley  with  a  series 
for  my  Monograph  in  1862 ;  but  Dr.  Hinde's  examples  show 
structure  not  seen  in  any  of  the  others. 

Having  met  with  a  peculiar  structure  in  some  Carboniferous 
E$theri(B  from  Scotland,  which  seemed  to  correspond  with  the 
descriptions  of  that  in  Estheriella,  1  asked  the  late  Prof.  E.  Weiss 
for  information  on  the  subject;  and,  though  confined  to  bed  by 
illness,  he  most  courteously  gave  his  attention  to  my  request,  and 
not  only  sent  me  (in  February,  1890)  some  specimens  of  the  rare 
fossil,  but  obtained  permission,  from  the  Director  of  the  Geological 
Institute  and  Mining  Academy  at  Berlin,  for  me  to  have  on  loan 
some  of  the  best  specimens  from  the  Geological-Survey  Museum,  to 
figure  and  describe.  I  deeply  regret  that  we  have  to  bring  out  the 
1  Decade  III.  Vol.  VII.  pp.  386-390,  PL  XII. 
bbcads  m.— vol.  vni. — ^wo.  11.  4 
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results  of  the  examination  without  consultation  with  Prof.  Weiss, 
whose  death  a  large  circle  of  friends  and  admirers  had  to  deplore 
last  summer. 

Of  Estheria  mtnvta  and  some  other  forms  of  that  genus  I  gave 
some  notes  in  the  Qbou  Mao.  Decade  II.  Vol.  V.  1878,  pp.  100-102, 
PI.  III.  Figs.  1,  2,  and  now,  besides  the  notices  referred  to  above, 
I  have  to  make  mention  of  Mr.  C.  E.  De  Banoe's  discovery  of  this 
species  in  the  lower  part  of  the  "Keuper  Marls"  of  Cheshire, — 
a  lower  horizon  for  England  than  had  been  previously  known. 

1.  EsTHEBiA  MEBiBBANAOEA  (Pacht).    Orol.  Mag.  September,  1890. 

PL  XII.  Fig.  9. 

Jones,  Monograph  of  the  Fossil  Estherie,  Pal.  Soc.  1862,  pp.  14-22,  pi.  i.  figs.  1-7. 

Length  6  (hinge-line  6),  height  4  mm. 

This  little  fossil  has  been  noticed  by  P.  N.  Wenjukoff  in  his 
Memoir  "  On  the  Fauna  of  the  Devonian  System  in  North-western 
and  Central  Eussia,"  8vo.  St  Petersburgh,  1886,  pp.  223-4  (in 
Kuss).  In  the  synonymy  he  gives  Posidonia  aspera,  Kutorga,  1852, 
instead  of  *'  Posidonomya  rugoaa,  Kutorga,"  of  the  list  at  p.  14  of 
the  "Monograph  Foss.  Estheriaa."  We  may  note  that  Raimund 
Pacht  in  the  "Archiv  Natur.  Liv.-,  Ehst-  und  Knrlands,"  vol.  ii. 
2nd  part,  1859  ('♦  1861 "  in  Wenjukoff's  list,  op.  eit.  p.  224),  treating 
of  the  Devonian  Limestone  in  Li  viand  (Livonia),  describes  and 
figures  E,  membranacea,  at  pp.  290-291,  and  in  figs.  7a,  6,  c,  of  the 
plate  (not  numbered),  as  "  Posidonia  membranacea,  n.  sp.=:P.  rugosa, 
Kut,  auf  der  Earte  des  St-Petersb.  Gouv." 

It  was  remarked  at  p.  21  of  the  '*  Monogr.  Foss.  Esth."  that  in 
the  Russian  (or  rather  Livonian)  specimens  **  the  thin  upstanding 
concentric  riblets  are  better  preserved  than  in  the  flagstones  of 
Caithness."  Some  individuals,  however,  from  Orkney,  collected  by 
Mr.  Jex,  and  now  in  the  British  Museum,  show  the  ornamentation 
so  clearly  that  Fig.  9  of  PI.  XII.  in  the  Gvol.  Mao.  for  September, 
1890,  was  specially  given,  though  not  described  at  the  time,  only 
alluded  to  at  p.  890.  This  figure  not  only  shows  the  longer,  or 
more  oblong,  shape  of  the  valve,  referred  to  in  the  "  Monograph  "  at 
pp.  14  and  15,  but  a  very  delicately  reticulate  interstitial  sculpturing, 
such  as  was  supposed  (at  pp.  15  and  19)  to  have  been  modified  by  the 
impress  of  sand  grains  in  the  matiix  at  Caithness. 

2.  EsTHKRiA  Andrewsii,  sp.  nov.     PI.  II.  Figs.  1-4. 

Fig.  1. — Length    8*5  (hinge-line  6),  height  6  mm. 
Fig.  2.—      „      11-5  (       „        9),       „      7  mm. 

These  specimens,  from  the  Purbeck  beds  of  the  Vale  of  Wardour, 
as  also  those  described  in  the  Gbol.  Mao.  for  September,  1890,  p. 
389,  PI.  XIL  Figs.  1,  2,  were  collected  by  the  Rev.  W.  R.  Andrews, 
F.G.S.,  in  a  quarry  at  Teffont-Ewyas,  Wilts,  but  in  a  different 
stratum  of  the  Middle-Purbeck  formation,  namely,  in  a  dark  shaly 
clay,  containing  Cypridea  fasdctdata  and  C.  punctata,  five  feet  below 
the  horizon  of  the  Estheria  referred  to  above. 

The  former  specimens  were  referable  to  E,  aubquadrata  (Sow.), 
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by  their  shape  and  ornament;  but  those  now  under  notioe  are  larger; 
one  individual  is  approximately  subquadrate  in  shape  (Fig.  1),  but 
the  other  is  more  elongate  (Fig.  2) ;  both  have  the  umbo  further 
from  the  anterior  extremity,  and  otherwise  differ  from  E.  sub^uo' 
drata  and  E.  elliplica  in  being  less  fully  curved  at  the  an tero- ventral 
region  and  in  being  higher  behind  than  in  front  Further,  they 
have  a  delicate  reticulation  for  the  interstitial  ornament  (Fig.  3). 
This  finely  punctate  sculpture,  however,  belonging  to  the  super- 
ficial layer  of  the  test,  gives  an  impression  on  the  matrix,  at  some 
places,  of  a  delicate  linear  granulation,  making  very  small,  vertical, 
interrupted  strife;  whilst  the  inside  of  this  outer  layer  shows  a 
coarser  pitting  (Fig.  4). 

Specimens  numei-ous,  squeezed  flat,  but  fairly  well  preserved,  on 
the  thin  laminse  of  a  bluish  grey,  soft  shale,  with  brownish  partings, 
I  and  with  white  patches  of  the  decomposed  CyprtdecB. 

3.   ESTHEBIA   HiNDEI,  Sp.  UOV.      PI.  II.  FlgS.  5-^. 
Length  7  (hinge-line  6),  height  4*6  mm. 

An  elegant  suboblong  Esiheria,  boldly  rounded  in  front,  narrower 
behind ;  rather  more  than  half  egg-shaped  in  a  longitudinal  aspect. 
Umbo  at  the  antero-dorsal  corner.  Concentric  riblets  (15  visible) 
strong  and  far  apart,  and  at  some  spots  seen  to  be  neatly  beaded, 
but  rarely  so  regularly  and  distinct  as  in  Fig.  6.  The  interspaces 
are  bare  of  ornament;  but  the  inner  layer  of  the  test  in  some 
instances  shows  irregular  vertical  rows  of  small  lumpy  elevations 
(Fig.  7),  which  are  probably  exaggerations  (in  the  older  part  of  the 
valve)  of  small  vertical  irregular  bars  (Fig.  8),  in  the  interspaces 
elsewhere.  This  last-mentioned  columnar  ornament  is  analogous 
to  that  shown  in  fig.  37,  pi.  ii.  of  the  Monogr.  Fobs.  Estherise,  and 
referred  to  at  page  387,  Okol.  Mao.  September,  1890. 

The  specimens  under  notice  are  numerous  in  a  hard,  black, 
thinly-laminated  Triassic  shale,  from  Phcenixville,  Pennsylvania 
(Dr.  G.  J.  Hinders  Collection),  like  some  of  that  described  at  p.  99, 
"Monogr.  Foss.  Estheriae,"  as  having  been  supplied  by  Mr.  C.  M. 
Wheatley  from  the  same  locality.  Some  are  better  preserved 
as  to  shape ;  but  others  more  distinctly  show  the  structure  of 
the  valve.  The  selected  specimen,  Fig.  5,  is  like  one  of  the 
"narrower"  examples  mentioned  at  p.  98  op.eiL;  and,  as  with 
many  others,  there  is  no  interstitial  ornament.  In  some  shiny^ 
black,  filmy  valves  we  have  the  features  shown  in  Figs.  6,  7,  8.  The 
last  two  belong  to  the  inner  layer  of  tests  of  apparently  different 
ages,  bat  covered  with  the  outer  layer,  in  which  the  ornament 
became  obsolete.  Hence  neither  figs.  29  and  30,  nor  fig.  31  of 
pL  ii,  "Monogr.  Foss.  Esth."  must  be  taken  by  themselves  for 
specific  characters,  though  suggested  at  p.  386  of  the  Oeol.  Mao. 
Sept.  1890. 

These  specimens  from  Pennsylvania  certainly  differ  from  Estheria 
ovata  of  the  "  Monogr.  Foss.  Esth."  p.  84,  pi.  ii.  figs.  26-28,  being 
proportionally  longer,  and  having  a  less  fully  semicircular  ventral 
outline.    They  are  larger  and  proportionally  higher  (broader)  than 
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E.  Lewisii,  Gbol.  Mag.  Sept.  1890,  p.  385,  PI.  XII.  Fig.  3,  with  the 
iimho  further  forward  and  a  different  ornament.  Otherwise  these  two 
speoies,  as  well  as  E,  multicostata  (Emmons),  *'Monogr.  Foss.  Esth." 
p.  86,  fig.  6,  and  J^.  ovalis  (Emmons),  op,  ciL  p.  .87,  fig.  8,  are 
evidently  allied  forms,  though  the  last  two  have  most  probably 
been  badly  drawn. 

4.  EsTHBEiA  MiNUTA  (Alberti),  1832.    PL  II.  Fig.  12. 

Jones,  STDonymy  in  the  '*  Monograph  of  the  Fossil  EstherisB,  Palraont.  Soo.  1862," 
p.  42;  F.  von  Alberti*s  **  Ueberhlick  iiber  die  Trias,"  etc.,  1864,  pp.  191 
and  192 :  Jones,  Gbolooical  Maoazimb,  Dec.  III.  Vol.  YII.  1890,  Fl.  XII. 
Figs.  4-8. 

Length  3*0  (hinge-line  2-0),  height  1*9  mm. 

This  is  a  specimen  occurring  in  the  Lower-Bunter  shale  at 
Diirrenberg,  in  Saxony,  with  Estheriella  cosiaia,  Weiss.  It  is  very 
much  like  it,  as  seen  in  Fig.  9,  but  is  smaller  and  has  no  radial  strisa. 
It  has  the  same  number  of  concentric  lines,  and  therefore  cannot  be 
the  young  of  the  larger  form ;  and  the  occurrence  of  the  radii  is  too 
persistent  among  the  many  EBtheriel!<B  in  the  shale,  to  allow  of  the 
supposition  that  they  constituted  merely  a  casual  feature  and  were 
not  always  present  in  the  same  series  of  valves.  Fig.  12  may  be 
compared  with  ^g.  8  of  pi.  v.  and  fig.  29,  and  even  with  fig.  28, 
of  pi.  i.  of  the  "  Monogr.  Foss.  Esth."  as  a  specially  straight-backed 
form  of  the  species. 

Fig.  12  may  possibly  be  Esiheria  German  (Posidonia,  Bey  rich, 
Zeitsch.  D.  g.  Qes.  vol.  ix.  1867,  p.  377),  from  the  Bunter  at  the 
Steinberg,  north  of  the  Hartz,  and  at  Halle  and  Diirrenberg,  both 
in  Saxony.  Andrae,  in  the  Explanation  of  the  Geological  Map  of 
Halle,  1850,  p.  67,  referred  to  it  as  P.  minuta.  It  is  characterized 
by  having  a  long  and  straight  hinge-border;  and  according  to 
Prof.  Weiss  it  has  no  radial  markings. 

Besides  the  authors  treating  of  the  occurrence  of  Esiheria  minuta 
in  the  German  Trias  that  are  enunierated  in  the  '*  Monogr.  Foss. 
Esth."  pp.  44  et  seq.,  we  should  mention  G.  von  Schauroth,  Zeitsch. 

D.  g.  Ges.  vol.  ix.  1857,  p.  99  (Coburg). 

4*.  Ebthebia  minuta  (Alberti),  var.  Bbodibana,  Jones. 
PI.  II.  Fig.  14. 

Monogr.  Foss.  Estherise,  1862,  p.  69,  pi.  ii.  figs.  8-15,  and  pi.  y.  fig.  10 ;  Obol. 
Mag.  Dec.  3,  Vol.  VII.  1890,  p.  388,  PI.  XII.  Fig.  6. 

Length  3  (hinge-line  2),  height  2*5  mm. 

Lately  Mr.  C.  E.  De  Ranee,  F.G.S.,  has  obtained  from  the  "  Old 
Alderley  Quarry,"  at  Alderley  Edge,  Cheshire,  a  small  shoal-like 
group  of  Esiheria  in  a  soft,  dull  red,  finely  micaceous  shale,  belonging 
to  the  upper  part  of  the  '*  Keuper  Marls,"  f.  6  ot  the  Geological 
Survey  Map,  and  a  thousand  feet  lower  down  in  the  Trias  (being 
l)elow  the  waterstones,  f.  o)   than  any  of  the  English  examples  of 

E,  minuta  yet  found. 

The  specimens  occur  both  £ls  single  valves  and  in  open  pairs; 
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they  are  mnch  crusbed,  and  Fig.  14  shows  one  of  the  best.  It  is 
veiy  much  like  the  German  specimen  figured  in  the  Geol.  Mag.  for 
September,  1890,  PI.  XII.  Fig.  6,  and  nearly  matches  fig.  9  of  pi.  ii. 
"  Monogr.  Foss.  Esth." 

E.  minuta,  van  Brodteana,  has  been  reported  by  Ferd.  Roemer  as 
having  been  found  in  the  Reaper  of  Upper  Silesia.  This,  and  some 
other  notes  on  the  occurrences  of  E,  minuta  published  since  1862, 
are  given  in  the  Geol.  Mag.  Dec.  II.  Vol.  V.  1878,  p.  102. 

E.  minuiaf  var.  Karpintikiana,  Jones,  ralated  to  var.  Brodieana^ 
was  obtained  by  Dr.  Karpinsky  from  the  Triassic  or  Rhaetic  strata 
of  Troizk,  on  the  eastern  side  of  the  Ural.  See  Ann.  Mag.  Nat.  Hist., 
October,  1883,  p.  244,  pi.  vi.  fig.  1. 

EsTHEBiELLA,  Wclss  (as  a  subgenus,  1875). 

Similar  to  Estheria,  excepting  that  the  valves  bear  radial  riblets 
or  slight  ledges  crossing  the  conceotric  strisa  from  near  the  umbo 
to  the  ventral  border. 

5.  EsTHEBiBLLA  oosTATA,  Weiss,  1875.    PI.  II.  Figs.  9,  10,  a,  5. 

Foiidonomya  WengensM^  Giebel  (non  WissmAnn}.     Zeitsch.  gesammt.  Naturwiss. 

HaUe,  1857,  p.  308,  pl.  ii.  fi?.  6. 
Btihtria  ?  Wengerms,  Alberti.     Ueberblick  Trias,  etc.,  1864,  p.  192.  fMie, 
Sttkeria  (Estheriella)  co9tata,  Weiu.    Zeitsch.  D.  g.  GeseUsch.  vol.  xxri.  1876, 

p.  711,  note, 
AtherUlla  eottata^  Zittel.   Handbnch  der  Palseontologie,  vol.  i.  lief.  8, 1885,  p.  668. 

Fig.  9.— Length  3*7  (hinge-line  2*7),  height  2*4  mm. 

Valves  like  those  of  Estheria  mtnutay  such  as  those  shown  by  pl.  i. 
fig.  29,  and  pl.  v.  figs.  8  and  9,  **  Monogr.  Foss.  Esth.,"  that  have 
markedly  straight  backs,  a  more  or  less  definite  postero-dorsal  angle, 
and  strong  concentric  lines  of  growth  (about  18  visible).  Modifica- 
tions produced  by  pressure,  as  well  as  by  variable  conditions  of 
growth,  make  it  difficult  to  find  perfectly  comparable  specimens 
among  fossil  Eatherice.  The  characteristic  feature  is  the  presence 
of  numerous  (about  20  or  more)  oblique  strias  radiating  from  the 
middle  region  to  the  ventral  and  posterior  borders.  Posteriorly  they 
produce  a  series  of  undulating  wrinkles,  crenulating  the  edge ;  but 
more  forward  they  seem  to  have  been  little  furrows  formed  by  the 
notches  in  the  edge  of  each  successive  overlapping  lamina  of  the 
test,  and  giving  a  minute  tile- like  appearance  to  that  part  of  the 
surface.  A  pattern  somewhat  like  this,  but  on  a  still  smaller  scale, 
is  visible  in  Eaiheria  tegulata  from  the  Scotch  Coal-measures,  to  be 
published  in  the  Trans.  Geol.  Soc.  Glasgow,  vol.  ix.  pl.  v.  fig.  66. 

In  the  Estheriella  under  notice  the  edge  of  each  lamina  is  more  or 
less  thickened  at  and  between  the  notches,  and  was  there  sufficiently 
produced  as  little  hollow  tubercles  to  leave  the  minute  pits  seen 
in  the  inside  of  the  test  (figs.  10  a,  6).  Here,  also,  there  are,  traces 
of  this  structure  reaching  further  up  towards  the  umbo  than  on  the 
outside  (Fig.  9). 

The  specimens  of  both  this  and  the  next  species  are  very  delicate 
and  scarcely  ever  perfect  films  of  valves  in  bluish  grey  shale. 
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Some  of  the  radials  at  their  interBections  of  the  lines  of  growth 
retain  thin  hrowniah  relics  of  the  test ;  but  otherwise  the  valves  are 
represented  by  partial  moulds  and  casts,  much  flattened. 

Both  come  from  the  Lower  Buntersandstein  of  Diirrenberg, 
Saxony. 

The  specimens  figured  were  courteously  lent  by  the  Director  of 
the  Geological  Survey  ^  at  Berlin,  at  the  instance  of  the  late  lamented 
Prof.  Dr.  Ch.  E.  Weiss,  who  also  gave  me  some  other  specimens, 
collected  by  himself  at  Diirrenberg  on  the  road  to  the  Amtsberg, 
May,  1875. 

6.  EsTHBRiELLA  NODOCOSTATA  (Gicbel),  1857.     PI.  II.  Figs.  11,  13. 

Poiidonomya   nodocostata,   GiebeL      Zeitsch.   geeammt.   WisseiiBch.   Halle,    1867, 

p.  309,  pi.  ii.  fig.  7. 
Esther ia  ?  nodoeoatata,  Albert!.     Ueberblick  Trins,  etc.  1864.  p.  193,  note. 
£ttheria  {Estheriella)  lineata,  Weiss.     Zeitsch.  D.  g.  Gesellsch.  Tol.  xxtL  1875, 

p.  711,  note. 

Fig.  11.— Length  4-2  (hinge-line  2-7),  height  2*5  mm. 
Fig.  13.        „        3-6  (         „        2-3),       „      2*4  mm. 

Valves  like  those  of  the  foregoing  species,  ovate-oblong  in  shape, 
with  long,  straight  dorsal  border;  umbo  quite  forward;  postero- 
dorsal  angle  usually  pronounced ;  ends  well  rounded  ;  the  posterior 
curve  larger  than  the  anterior ;  ventral  border  gently  curved* 
Concentric  lines  numerous  and  rather  feeble.  Badial  riblets  few 
(about  9),  but  much  stronger  than  in  E.  costata,  being  definitely 
raised  ridge-like  wrinkles  wide  apart  (Figs.  11  and  13).  On  the 
inside  of  the  valve  (Figs.  13  a,  6)  there  is  a  little  pit  wherever  the 
radial  crosses  a  concentric  stria,  as  if  the  edges  of  the  successive 
laniinsB  of  the  test  had  been  slightly  raised  just  there,  so  as  to  leave 
a  little  hollow  below.  The  specific  name  applied  by  Giebel  to  this 
form  evidently  has  reference  to  this  feature,  as  seen  in  Fig.  13  a. 
Locality  and  collection  the  same  as  mentioned  with  the  foregoing 
species. 

To  make  the  history  of  the  two  foregoing  species  complete,  the 
following  extracts  are  taken  from  the  published  memoirs  concera- 
ing  them. 

1857.  Ch.  G.  Giebel,  PalsBont  Untersuchungen ;  Zeitschrift  fiir 
die  gesammten  Naturwissenschaften,  Halle,  1857,  October  u. 
November,  Nos.  x.  xi.  pp.  301-818. 

PosidonomyoB  [^EsthericB']  in  the  Bunter  Sandstone  near  Diirrenberg, 
p.  308,  pi.  ii.  figs.  6  and  7. 

P.  WengensiB,  p.  308,  pi.  ii.  fig.  6.  Gr.  Miinster,  Beit  Petrefkd. 
iv.  p.  23,  pi.  16,  fig.  12.  Not  far  from  P.  minuta,  but  with  fine 
radial  lines  from  umbo  to  border.  Wissmann  has  not  noted  this  [?]  ; 
but  it  is  conspicuous  as  a  characteristic  [none  given  in  fig.  6 ;  nor 
is  the  size  mentioned].  [Some  true  PosidonomycB  are  then  compared.] 
P.  nodoeostata,  n.  sp.,  p.  309  (fig.  7),  as  the  other  species  may  be 
i  Eonigl.  geol,  LandeMOstalt  und  Bergakademie,  InTaUden  Str.  44,  Berlin. 
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called,  which  oocars  with  P.  minuia  in  two  Bpecimens  from  the 
depth  of  612  feet  in  the  bore-hole  No.  8,  near  Diirrenberg,  is  long- 
oval  in  shape ;  1^'"  long,  and  not  quite  1'"  high ;  convex ;  rather 
smaller  in  front  than  behind;  ventral  border  convex;  the  umbo 
distinct  and  rounded.  There  are  seven  radials  (three  of  them  in 
front,  two  in  the  middle,  and  one  behind)  reaching  the  border.  An 
eighth  appears  to  follow  the  hinge-line  backwards.  About  sixteen 
regular,  parallel,  concentric  lines  cross  the  radials,  and  lose  them- 
selves in  a  series  of  roundish  knots.  The  shell  is  very  thin,  of 
a  dark  horn-colour,  quite  like  that  of  the  associated  P.  minnta. 

The  relative  size  shown  by  Fig.  6  (about  2  mm.,  instead  of  13  mm., 
\  inch),  and  the  recognition  of  its  alliance  to  and  occurrence  with 
K  minuta,  make  it  probable  that  the  P.  Wengensis  of  Giebel  is  an 
E$tKeria,  and  different  from  the  P.  Wengensis  of  Wissmann,  as 
intimated  by  von  Alberti. 

1864  Dr.  F.  von  Alberti.  Ueberblick  iiber  die  Trias,  etc.,  1864. 
(See  also  Geol.  Mag.  1878,  p.  102.) 

p.  192,  note. — Posidonomya  Wengensis,  Giebel  (not  P.  WengensiSy 
Wissmann,  which  is  much  larger),  may  be  an  Usiheria  near 
K  miwUa,  distinguished  by  weak  radial  lines. 

p.  193,  note. — P.  nodoeostalay  Giebel;  from  192  m.. depth  in  bore- 
hole No.  3,  near  Diirrenberg;  long-oval  0003  m.  long,  and 
0*002  m.  high.     Probably  a  crustacean. 

P.  minuta  is  a  crustacean ;  so  is  probably  Posidonia  Albertii,  Voltz, 
probably  the  same  as  Posidonomya  German,  Bey  rich  [Zeitsch.  D. 
g.  Ges.  vol.  ix.  1857,  p.  377]. 

1875.  E.  Weiss.  Zeitsch.  D.  g.  Qesellsch.  vol.  xxvii.  1875,  pp.  711, 
712. 
From  the  Lower  Buntersandstein  of  Diirrenberg  on  the  Saale,  in 
Saxony,  some  small  shells  are  described  as  being  in  size  and  condi- 
tion like  Eiiheria  Qermari  of  Beyrich,  and  occurring  with  it,  but 
differing  from  it  by  having  a  certain  number  of  riblets  radiating 
from  the  umbo,  and  thus  constituting  a  new  type.  It  is  remarked 
that  Giebel  had  already  described  two  species  from  Diirrenberg, 
with  the  names  of  Posidonomya  Wengensis  and  P.  nodocost'tta, 
which  may  perhaps  be  identical  with  the  above  mentioned.  The 
two  latter  came  from  a  boring;  but  the  foregoing  were  found  in  the 
shales  outcropping  between  the  sandstone  on  the  Saale,  in  the  road 
above  the  Salt-works  of  Herr  Director  Metzner,  and  the  bore-hole. 
When  not  well  preserved,  the  valves  lose  their  riblets  near  the  umbo 
and  on  the  front  and  hind  borders  ;  but  these  remain  strongest  and 
most  distinct  in  the  ventral  region.  In  good  specimens  these  two 
kinds  of  ribbing  are  readily  recognized ;  one  kind  consisting  of  about 
12  riblets,  of  which  the  middle  6-10,  very  sharply  defined  and  wide 
apart^  occur  on  the  convex  face,  and  are  hollow  on  the  inside  of  the 
valve,  as  furrows,  proportionally  distant  with  smooth  spaces  between, 
broken  only  by  concentric  wrinklings.  This  form  may  answer  to 
P.  nodocostata,  Giebel,  which,  however,  seems  to  have  only  7  riblets. 
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The  otber  species  shows  very  numerous  riblets,  thickly  set,  more 
particularly  towards  the  front  and  ventral  borders ;  these  are  less 
sharp,  and  almost  equal  in  breadth  with  the  spaces  between  them. 
In  particularly  well-preserved  specimens  about  30  were  counted,  in 
others  20;  but  the  number  is  difficult  to  determine;  and  we  must 
recognize  the  difference  of  the  two  forms  in  the  above-mentioned 
characters.  This  second  species  is  evidently  the  Wengensis  of  Giebel. 
Note  at  p.  711. — Dr.  E.  Weiss  named  the  first  of  the  two  foregoing 
species  Estheriella  Uneata,  and  the  latter  JE,  rostata ;  but  he  had  a 
doubt  about  the  naming,  and  thought  that  these  names  should  be 
withdrawn  until  perfect  proof  of  the  difference  between  his  and 
GiebeFs  species  should  be  arrived  at. 

Dr.  E.  Weiss,  though  inclined  to  look  on  these  two  forms  as 
belonging  to  a  new  genus,  thought  that  it  might  suffice,  with  their 
great  resemblance  in  general  habit  to  Ustheria,  to  place  the  radially- 
ribbed  shells  of  Diirrenberg  as  a  subgenus  only,  with  the  name 
Eatheriella, 

For  the  form  with  about  12  ledge-like  riblets  (E.  lineata,  Weiss, 
the  nodocosiata  of  Giebel),  he  gives — 

'  mm.  Proportion. 

The  height  to  the  breadth  (length)  =  2-8  :  4*3     »     1:1-5 

3-2  :  4-3     =     1  :  1-3 
2-7  :  8-6     =     1  :  13 

For  the  form  with  over  20  riblets  and  furrows  {K  eostata,  Weiss, 
the  Wengeneis  of  Giebel), — 

mm.  Proportion. 

The  height  to  the  breadth  (length)  ^  2*6  :  38  ^  1  :  1*5 

„                       „            „              2-4  :  3  6  =  1:14 

2-3  :  3-3  =  1  :  1-4 

2  2  :  3  1  =  1  :  14 

Near  Diirrenberg  there  are  other  horizons  of  Estheria.  In  the 
boring  they  are  found  at  a  depth  of  about  200  metres ;  near  the 
Royal  Saltworks  were  found  some  very  small  Estheria  (without 
riblets  *),  also  on  the  left  bank  of  the  Saale,  some  feet  below  the 
first  coarse  white  sandstones  of  the  Middle  Buntersandstein,  at  the 
cliff  between  Graslau  and  Leina,  near  Gorbeth. 

NoTB. — E.  nodocostata  (Giebel)  retains  its  name,  the  form  being 
recognized  as  that  which  Giebel  figured  and  described  in  1857.  His 
Wengensis,  however,  is  not  the  Posidonomya  so  named  by  Wissmann ; 
nor  is  it  from  Wengen ;  and  the  name  proposed  by  Weiss,  namely, 
costata  (though  too  near  to  nodocostata  for  convenience),  should  take 
its  place. 

In  the  "  Memoires  du  Comit6  Geologique,"  4to.  St.  Petersburg, 
vol.  vi.  1888,  P.  Kratow  describes  and  figures  two  small  bivalves 
with  radial  strise  as  Et^iheriella  trapezoidalis,  pp.  469  and  667,  pi.  ii. 
fig.  27,  and  E.  ohlonga,  pp.  470  and  667,  pi.  ii.  fig.  28  (reaching 

^  Fig.  12  of  PL  II.  may  be  one  of  these  small  JEsthtrta,  possibly  JEf.  Oermarij 
Beyrich. 
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5  mm.  in  leDgth),  from  the  Permian  beds  of  Tscherdyn  on  the 
Kolwa,  on  the  western  side  of  the  Ural. 

EXPLANATION  OF  PLATE  II. 

Fig.    1.  Fsiheria  Andrewsiij  sp.  nor.    Left  yaWe  of  the  short  form ;  mag^i.  4  diam, 
„      2.        „  ,,  Right  Talve  of  the  long  form ;  magn.  4  diam. 

1*      3.        „  „  Portion  of  surface ;  maffn.  60  diam. 

,»      4.        „  ,y  Another  part  of  the  sunace,  showing  the  inside  of  one 

layer,  the  impression  of  its  ontside  on  the  matrix 

(dark) ;  magn.  50  diam. 
„      5.  JSatheria  SineUi^  sp.  nov.     Left  valve ;  magn.  6  diam. 
y,      6.        „  ,,  Portion  of  the  beaded  concentric  striffi ;  magn.  50  diam. 

,»      7.        „  „  Portion  of  an  interspace ;  magn.  50  diam. 

„      8.        ,,  ,,  Portion  of  two  interspaces ;  magn.  50  diam. 

„      9.  JEstherUlla  coatata^  Weiss.     Right  valve;  ma^.  10  diam. 
M    10.        „  ,,  a.  Part  of  the  inside  of  a  right  valve ;  magn.  10  diam. 

b.  Portion  of  the  same ;  magn.  50  diam. 
„    11.  Ealhen'ella  nodoeottata  {Giehei).    Left  valve;  magn.  10  diam. 
„     12.  Ettheria  wiii«/a(Alberti).    Possibly  E,  Oermari  (Beyrich) ;  magn.  10  diam. 
„    13.  Bttkeriella  nodoeostata  (Giebel).     a,  Inside  of  left  valve ;  magn.  10  diam. 

6,  Portion  of  the  same  ;  magn.  50  diam. 
,9    14.  Katheria  mmuia,  var.  Erodieana,  Jones.    Left  valve  ;  magn.  5  diam. 


n. — On  thk  British  Earthquakes  of  1889.^ 

By  Chablbs  Dayisom,  M.A., 

Mathematical  Master  at  King  Edward's  High  School,  Birmingham. 

J  PROPOSE  in  this  paper  to  write  a  short  aocount  of  the  earth- 
quakes that  have  heen  felt  in  Great  Britain  during  the  year 
1889,  and  to  consider  the  relations  of  these  earthquakes  with  the 
geological  structure  of  the  districts  in  which  they  occurred.  The 
attempt  seems  to  me  worth  making,  for  two  reasons.  The  first  is 
that,  though  few  in  number  and  slight  in  intensity,  the  earthquakes 
which  visit  this  country  are  individually  and  in  their  oonnezion 
with  preceding  shocks,  of  considerable  interest.  And,  secondly,  the 
accounts,  even  when  published,  are  widely  dispersed,  and,  appearing 
chiefly  in  local  newspapers,  become  difficult  of  access  in  after  years. 
I  believe,  therefore,  that  an  attempt  to  collect  and  discuss  these 
scattered  observations  cannot  be  without  some  value. 

I  will,  in  the  first  place,  deecribe  the  nature  of  the  evidence  on 
which  these  accounts  are  founded.  For  the  two  more  important 
earthquakes,  the  chief  authorities  are  the  newspapers  published 
within  and  near  the  disturbed  areas.  In  a  few  cases,  the  notices 
they  contain  are  far  from  satisfactory,  and  bear  obvious  signs  of 
exaggeration.'  But,  in  certain  respects,  their  evidence  seems  to  be 
trustworthy ;  and,  as  a  general  rule,  I  believe  we  may  rely  on  them 
for  a  knowledge  of  the  places  where  a  shook  was  or  was  not  felt,  of 
the  places  where  it  was  accompanied  by  the  characteristic  earthquake 
sounds,  and  also  for  a  record  of  the  effects  of  the  shock  sufficient  to 
enable  us  to  determine  its  intensity  according  to  the  Eossi-Forel 
scale. 

^  A  paper  read  before  the  Royal  Society,  June  19,  1890,  and  published  in  abstract 
m  the  hoy.  Soc.  Proc.  vol.  48,  pp.  275-277. 

'  For  example,  the  statement  that,  during  the  Edinburgh  earthquake  of  Jan.  18, 
a  boy  was  thrown  out  of  bed  at  Gogar,  is  evidently  inaccurate. 


Digitized  by  VjOOQIC 


58  C.  DavUon — British  Earthquakes. 

In  many  cases,  howeTor,  this  evidence  has  been  supplemented  by 
inquiries  made  in  the  several  districts  or  by  letters  addi*essed  to  the 
local  newspapers  asking  for  further  observations.  The  accounts 
I  have  thus  received,  being  generally  replies  to  a  few  definite  lead- 
ing questions,  are  often  of  considerable  value  ;  and  I  should  like  to 
take  this  opportunity  of  again  thanking  the  ladies  and  gentlemen 
who  have  in  this  way  rendered  me  such  courteous  and  serviceable 
assistance. 

In  the  description  of  eacb  earthquake,  the  heading  contains  its 
name  and  date,  the  name  being  taken  from  that  of  the  district 
principally  affected  by  the  shock.  The  time  of  occurrence  is  given 
in  Greenwich  mean  time,  the  hours  being  numbered  from  0  to  24. 
The  intensity  is  determined  by  means  of  the  Eossi-Forel  scale,  a 
translation  of  which  is  given  below.  This  scale  is  very  generally 
adopted  by  Italian  and  Swiss  seismologists,  and,  though  rough  and 
Undoubtedly  variable  to  a  slight  extent,  is  well  suited  to  the  nature 
of  the  evidence  at  our  disposal,  the  range  of  variability  of  any  degree 
of  the  scale  being  probably  less  than  the  limits  of  error  of  ordinary 
observations. 

"RosH-Forel  Scale  of  Intensity} 

I.  Recorded  by  a  single  seismograph,  or  by  some  seismographs  of  the  same  model, 
but  not  by  several  seismographs  of  different  kinds  ;  the  shock  felt  by  an  experienced 
observer. 

II.  Recorded  by  seismographs  of  different  kinds ;  felt  by  a  small  number  of 
persons  at  rest 

III.  Felt  by  several  persons  at  rest ;  strong  enough  for  the  duration  or  the 
direction  to  be  appreciable. 

IV.  Felt  by  persons  in  motion ;  disturbance  of  moveable  objects,  doors,  windows, 
cracking  of  ceilings. 

V.  Felt  generally  by  every  one ;  disturbance  of  furniture  and  beds,  ringing  of 
0ome  bells. 

VI.  General  awakening  of  those  asleep ;  general  ringing  of  bells,  oscillation  of 
chandeliers,  stopping  of  clocks ;  visible  disturbance  of  trees  and  shrubs.  Some 
startled  perfons  leave  their  dwellings. 

VII.  Overthrow  of  moveable  objects,  fall  of  plaster,  ringing  of  church  bells, 
general  panic,  without  damage  to  buildings. 

VIII.  Fall  of  chimneys,  cracks  in  the  walls  of  buildings. 

IX.  Partial  or  total  destruction  of  some  buildings. 

X.  Great  disasters,  ruins,  disturbance  of  strata,  fissures  in  the  earth's  crust,  rock- 
falls  from  mountains. 

The  disturbed  area  is  defined  as  that  at  every  point  of  which  the 
earthquake-shock  is  felt.  Tlie  form  and  position  of  its  boundary 
must  therefore  depend  on  the  practice  of  observers  and  on  their 
power  to  detect  a  feeble  shock ;  but,  as  a  knowledge  of  this  boundary 
can  possess  but  little  value  when  it  does  not  represent  an  isoseismal 
line,  I  have  endeavoured  to  draw  it  on  the  earthquake  maps  so  as  to 
pass  as  nearly  as  possible  through  places  where  the  intensity  was 
the  same. 

The  epicentrum  of  an  earthquake  is  the  projection  of  the  seismic 
focus  or  centrum  on  the  surface  of  the  earth.  To  determine  its 
position,  three  methods  have  been  proposed,  depending  respectively 

1  M.  S.  de  Rossi.  Bull.  Vulc.  ital.,  anno.  iv.  (1873),  pp.  39-40;  F.  A.  Forel, 
Arch,  des  Sc.  phys.  et  nat.,  8me  p^r.  t.  xi.  pp.  14S-149. 
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on  obfleryations  of  tbe  direction,  intensity,  and  time  of  occurrence  of 
the  shock  in  different  parts  of  the  disturbed  area ;  but  the  second 
method  alone  is  applicable  to  the  earthquakes  here  discussed.  It 
will  be  seen,  on  reference  to  the  maps  which  accompany  this  paper, 
that  the  isoseismal  lines  are  approximately  circles  or  ellipses  of 
small  eccentricity ;  and  I  have  assumed  that  the  epicentra  coincide 
nearly  with  the  centres  of  these  areas.      The  correctness  of  the 


EdiivlHii^K  EarlKquake :  Januanj    18.    i&C9. 

position  so  assigned  to  an  epicentrum  depends  not  only  on  the 
accuracy  with  which  the  isoseismal  lines  are  traced,  but  also  on  a 
further  assumption  that  their  form  is  not  greatly  altered  by  Tariations 
in  the  nature  of  the  rocks  within  the  disturbed  area.  Also,  if  the 
seismic  focus,  as  in  the  case  of  a  fault,  be  inclined  to  the  horizon, 
the  intensity  must,  cater  is  paribus ,  be  greater  on  the  side  towards 
which  the  fault  slopes ;  so  that  the  epicentrum  is  probably  nearer  the 


Digitized  by  VjOOQIC 


60  C.  Damon — British  Earthquakes. 

interseotion  of  the  fooos  with  the  earth's  Barface  than  would  be 
iudioated  by  the  above  method.  Nevertheless,  for  the  majority  jof 
British  shocks,  the  assumption  seems  to  me  admissible,  for  the 
isoseismal  lines  in  all  the  cases  here  considered  are  of  small  dimen- 
sions, and  there  is  no  evidence  tending  to  prove  any  marked  irregu- 
larity in  their  form.  I  believe  that  the  true  positions  of  the  epicentra 
cannot  differ  by  more  than  a  mile  (if  by  so  much)  from  the  positions 
indicated  for  the  four  principal  earthquakes  considered  in  this  paper. 

In  two  cases  I  have  attempted  to  assign  the  origin  of  the  earth- 
quake to  the  impulsive  friction  along  well-known  and  prominent 
faults.  In  each  case,  the  evidence,  being  cumulative  and  far  from 
abundant,  is  by  itself  certainly  not  conclusive;  and  the  deductions 
made  from  it  can  only  be  regarded  as  at  best  but  highly  probable. 
Taken  as  a  whole,  however,  the  reasons  for  connecting  the  majority 
of  non-volcanic  earthquakes  with  such  a  cause  are  so  weighty,  and 
the  theory  is  so  comprehensive  of  apparently  disconnected  phenomena, 
that  the  inferences  referred  to  are  invested  with  a  higher  degree  of 
probability  than  that  with  which  they  would  otherwise  and  separately 
be  endowed.^ 

The  slow  dying-out  vibrations  of  very  distant  shocks  are  frequently 
propagated  to  this  country,  and  are  registered  by  magnetic  and  other 
recording  instruments.  More  rarely  are  felt  the  perceptible  vibrations 
of  earthquakes  that  are  less  distant,  but  still  extra-British,  in  their 
origin,  e.g,^  the  earthquake  of  May  30,  1889,  which  disturbed  the 
Channel  Islands,  the  South  of  England,  and  the  North  of  France. 
To  include  either  kind  of  shock  would  unduly  extend  the  limits  of 
this  paper,  and  I  have  therefore  confined  myself  to  the  consideration 
of  earthquakes  whose  epicentra  are  situated  within  the  area  of  the 
British  Islands. 

Of  these,  there  were  at  least  five  during  the  year  1889  ;  namely, 
on  Jan.  18  in  the  neighbourhood  of  Edinburgh  ;  on  Feb.  10  in 
Lancashire  and  parts  of  the  adjoining  counties ;  on  May  22  on  Ben 
Nevis;  on  July  15  in  Eintyre,  Gigha  Island,  and  Arran ;  and  on 
October  7  in  the  east  of  Cornwall.  In  addition  to  these,  there  were 
three  others,  the  seismic  origin  of  which  is  at  present  doubtful,  or 
which  rest  on  the  evidence  of  one  observer  only. 

1.  Edinbubgh  Eabtbquakss:  Jan.  18,  1889. 

At  least  two  shocks  were  felt  at,  and  in  the  neighbourhood  of, 
Edinburgh  on  this  day,  the  first  at  about  4h.  lOra.,  and  the  second 
at  6h.  63m.  The  time  of  occurrence  of  the  former  is  variously  given, 
but,  as  a  rule  so  approximately,  that  it  is  very  doubtful  whether  the 
existence  of  several  separate  shocks  can  be  inferred.  This  may  have 
been  the  case,  but  I  do  not  think  that  the  evidence  is  sufficient  to 
prove  that  there  was  more  than  one  shock  preceding  that  which  took 
place  at  6h.  53m. 

^  It  may  be  well  to  remark  here,  that,  excepting  the  sections  on  the  geological 
relations  of  the  earthquakes,  the  following  accounts  were  almost  entirely  written, 
the  isoseismal  lines  were  drawn  upon  the  maps,  and  the  positions  of  the  epicentra 
determined,  before  any  reference  whatever  was  made  to  the  geological  maps  oi  the 
disturbed  areas. 
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First  Shock. 

Time  of  ooourrence,  about  4h.  10m. ;  Intensity,  about  V. 

Very  few  observations  were  made  on  this  shock,  and  I  have  only 
met  with  one  detailed  account,  which  I  owe  to  the  kindness  of  a 
correspondent  in  Edinburgh.  It  is  impossible,  therefore,  to  deter- 
mine the  boundary  and  extent  of  its  disturbed  area  or  the  position  of 
its  epioentrum. 

The  only  records  I  possess  of  this  shock  are  from  Edinburgh, 
Broomieknowe,  Penicuik,  and  Bellsquarry ;  and  these  are  all  within, 
and  several  miles  from,  the  boundary  of  the  disturbed  area  of  the 
second  shock. 

The  recorded  times  of  occurrence  are  :  Edinburgh,  about  2h., 
about  4h.,  and  at  4h.  10m. ;  Broomieknowe,  about  2h. ;  Penicuik, 
about  3h.  and  about  4h.  50m. ;  and  Bellsquarry,  at  5h.  IMost  of 
these  seem  to  be  mere  guesses.  I  have  selected  4h.  10m.  as  probably 
the  most  correct  time.  It  was  obtained  by  reference  to  a  clock 
alinost  immediately  after  the  event,  and  was  gi-ven  to  roe  by  the 
correspondent  mentioned  aboTe,  who  also  estimated  the  time  of  the 
second  shock  as  about  6h.  50m. 

The  intensity  was  probably  about  V. ;  but  this  estimate  must  be 
regarded  as  doubtful,  as  it  is  made  from  only  one  observation,  and 
this  at  a  place  which  may  have  been  some  distance  from  the 
epicentrum.  At  Edinburgh,  my  correspondent  informs  me,  it  was 
strong  enough  to  make  the  bed  rock  :  **the  bed-room  door  shook,  its 
handle  rattled  briskly  and  noisily  and  forcibly,  and  the  glass  above 
shook  also.*' 

A  rumbling  sound  was  heard  at  the  time  of  the  shock  at  Edinburgh ; 
and  at  Broomieknowe  a  hollow  noise  was  heard,  but  the  shock  itself 
is  not  recorded  as  having  been  felt  there. 

Second  Shock, 

Time  of  occurrence,  6h.  53m. ;  Intensity,  YI. ;  Epicentrum,  about 
8  miles  W.  42°  S.  of  Balerno. 

Disturbed  Area. — The  evidence  for  the  study  of  this  earthquake 
is  much  more  abundant  I  have  altogether  93  independent  observa- 
tions, made  at  53  different  places.  A  large  number,  however,  are 
from  Edinburgh,  and  the  rest,  unfortunately,  are  not  -very  evenly 
distributed  over  the  disturbed  area.  On  this  account,  the  south-west 
portion  of  its  boundary  can  only  be  drawn  approximately. 

An  excellent  account  of  the  earthquake  was  given  in  the 
"Scotsman"  for  the  following  day,  but  in  this  attention  was  naturally 
directed  chiefly  to  the  places  where  the  more  striking  phenomena 
were  observed.  With  hardly  an  exception,  the  local  newspapers 
fail  to  supplement  this  evidence  as  regards  the  limits  of  the  dis- 
turbance ;  and  I  have  therefore  been  obliged  to  rely  principally  on 
the  accounts  given  to  me  by  correspondents,  and  these,  though  of 
great  value,  are  of  course  not  numerous.  With  reference  to  the 
southern  part  of  the  area,  however,  the  case  is  very  different..  For 
all  the  evidence  from  this  part  of  the  district,  I  am  indebted  to  the 
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kindness  and  courtesy  of  Dr.  C.  B.  Oann,  of  Peebles  who,  at  the 
cost  of  much  time  and  trouble,  sent  me  a  report  on  the  observations 
of  the  earthquake  made  in  and  near  the  north  of  Peeblesshire.  I 
shall  have  occasion  to  refer  again  to  this  report,  the  value  of  which, 
it  would  be  difficult  to  over-estimate. 

The  outline  of  the  disturbed  area  as  drawn  upon  the  accompanying 
map,  is  slightly  elliptical  in  form.  How  far  this  outline  may  be 
considered  as  accurate  will  be  partly  evident  from  an  inspection  of 
the  map,  on  which  all  places  at  which  the  shock  was  certainly  felt  are 
marked  with  small  black  discs,  and  those  where  there  is  good  reason 
for  believing  that  it  was  not  felt  with  small  crosses  (+).^  There  caa 
thus  be  little  doubt  about  the  form  of  the  boundary  from  the  neigh- 
bourhood of  Polmont,  by  Dumfermline,  Burntisland,  Musselburgh, 
and  Tynehead  station,  to  Peebles  ;  but,  for  the  rest  of  the  area,  its 
course  is  less  certain.  I  have  made  several  inquiries  in  this  part  of 
the  district,  but  entirely  with  negative  results.  From  the  intensity 
of  the  shock  at  the  nearest  places  at  which  it  was  felt,  I  do  not  think, 
however,  that  the  form  of  the  boundary  can  dififer  very  greatly  from, 
that  laid  down  on  the  map,  unless,  owing  to  peculiar  local  conditions, 
the  earth-vibrations  were  quenched  more  rapidly  in  the  south-west 
quarter  than  elsewhere. 

The  disturbed  area  as  thus  defined  is  about  30  miles  from  north 
to  south  and  26^  miles  from  east  to  west,  and  contains  an  area 
(including  the  part  occupied  by  the  Firth  of  Forth)  of  about  830 
square  miles.  Its  boundary  corresponds  to  an  isoseismal  line  of 
intensity  less  than  V.,  but  decidedly  greater  than  IV.  The  centre 
of  the  curve  is  about  3  miles  W.  42°  S.  of  Balemo. 

It  is  worthy  of  notice  that  in  Edinburgh,  where  the  intensity  was 
v.,  the  shock  was  not  felt  by  any  one  on  the  Castle  Hill,  nor  at 
the  Observatory  on  Calton  Hill.  The  geological  structure  of  the 
district  may  also  account  for  the  shock  not  having  been  felt  at 
Inchkeith,  and  not  having  been  recorded  as  felt  within  a  large  part 
of  the  area  occupied  by  the  Pentland  Hills. 

Time  of  Occurrence. — Omitting  all  confessedly  approximate  deter- 
minations of  the  time  of  occurrence,  the  following  definite  records 
have  been  made:  Edinburgh,  6h.  50m.,  6h.  52m.,  and  6h. 54m. 
or  6h.55m. ;  Penicuik,  6h.  52m. ;  Leith,  6h.  53ra.  158.  =t  lOs.  ; 
Trinity  (near  Leith),  6h.  54m.  ±  |m. ;  Harperrigg  and  Peebles, 
6h.  55m.  These  estimates,  with  one  exception,  are  not  exact 
enough  to  be  used  for  ascertaining  the  velocity  of  the  earth- wave  or 
the  position  of  the  focus.  Probably  the  most  correct  of  these  times 
is  that  given  for  Leith ;  it  was  determined  by  Mr.  G.  Kedpath.  "  I 
immediately  turned  round,"  he  says,  "  and  noted  the  time,  which  I 
found  was  53  minutes  15  seconds  past  six  by  a  clock  in  my  sitting- 
room.  On  going  to  verify  it  by  an  astronomical  clock  in  another 
room,  I  found  to  my  regret  that  I  would  have  to  allow  a  margin  of 
about  ten  seconds— earlier  or  later."    This  is  sufficient,  however, 

1  To  the  south  of  Peebles,  owing  to  the  small  scale  of  the  map,  I  have  been 
obliged  to  omit  the  indication  of  a  number  of  places  where,  as  Dr.  Gunn's  inquiries 
show,  the  shock  was  not  felt. 
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to  determine  tbe  epoch  of  the  shock.  I  have  given  it  as  6h.  53m., 
but,  as  Leith  is  about  12  miles  from  the  epioentrum,  it  may  have 
been  a  few  seconds  earlier. 

Nature  of  the  Shock. — For  descriptions  of  the  nature  of  the  shock, 
I  have  to  rely  chiefly  on  newspaper  accounts,  and  these,  as  a  rule, 
are  far  from  being  either  exact  or  detailed. 

In  most  parts  of  the  disturbed  area,  it  would  seem  that  the  shock 
was  noticed  as  a  single  oscillation,  the  observers  in  some  cases  feeling 
as  if  the  bed  or  chair  on  which  they  rested  were  slightly  raised  and 
then  lowered.  A  few  compare  the  sensation  to  that  of  passing  over 
a  wave  in  a  small  boat. 

From  at  least  five  places,  however,  there  come  accounts  of  a 
second  oscillation  immediately  following  the  first ;  as  if  there  were 
two  prominent  vibrations,  while  the  commencing  and  concluding 
tremors  were  generally  imperceptible.  These  places  are  Edinburgh, 
Leith,  Batho,  Balemo,  and  Peebles.  But  it  should  be  noted  that  all 
observers  at  these  places  did  not  detect  the  second  oscillation ;  and 
this  was  probably  owing  to  the  latter  being,  as  one  observer  at 
Edinburgh  states,  slighter  than  the  first.  At  Balemo,  again,  it  was 
remarked  that,  though  both  movements  were  momentary,  the  second 
was  the  more  lasting  of  the  two. 

There  is  only  one  other  noteworthy  point  that  I  can  gather  from 
the  somewhat  scanty  descriptions.  In  all  the  instances,  but  one,  in 
which  the  character  of  the  movement  is  recorded,  the  oscillation  is 
described  as  a  rise  of  the  ground,  followed  by  a  fall.  This  is  the 
case  at  Edinburgh,  Balerno,  Trinity  (near  Leith),  Davidson's  Mains, 
Linlithgow,  and  Polmont  On  the  other  hand,  at  Penicuik,  a 
"  workman,  who  happened  at  the  moment  to  be  seated,  felt  the  brick 
floor  recede  from  his  feet,  and  then,  as  it  were,  return  to  them." 
Now,  the  six  places  just  mentioned  are  in  the  northern  part  of  the 
disturbed  area ;  whilst  Penicuik  is  a  short  distance  to  the  east  of 
the  epicentrum.  I  shall  recur  to  this  point  in  discussing  the  origin 
of  the  earthquake. 

Duration. — Records  of  the  duration  come  from  seven  places,  and 
range  from  not  greater  than  one  second  (at  Davidson's  Mains),  to 
about  two  seconds  (at  Edinburgh,  Trinity,  Leith,  and  Penicuik), 
and  about  three  seconds  (at  Balemo  and  Eirknewton).  Probably 
some  of  the  estimates  of  the  duration  also  include  that  of  the  sound- 
phenomena  ;  but,  in  either  case,  they  seem  to  indicate  a  decrease  in 
duration  as  the  disturbance  radiated  from  the  origin. 

Intensity, — The  following  list  gives  the  intensity  of  the  shock  at 
places  where  the  accounts  were  sufliciently  detailed  for  its 
determination. 

VI.  Balerno,  Currie,  Harperrigg. 

Y.    Bellsquarry,    Corstorphine,    Davidson's   Mains,   Eddlestone, 
Edinburgh,  Gogar,  Hartwood,  Juniper  Green,  Eirknewton,  Leith, 
Linlithgow,  Penicuik,  Batho. 
IV.  or  V.  Bathgate,  Polmont. 

lY.  Burntisland,  Causewayend,  Cockburn,  Dumfermline,  Eskbank, 
Peebles. 
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These  observation  a  are  not  sufficiently  numerous  to  enable  isoseismal 
lines  to  be  drawn  with  any  aocuraoy.  But  it  is  evident  that  the 
isoseismal  of  intensity  V.  oould  not  be  very  distant  from  the  boundary 
of  the  disturbed  area,  as  drawn  upon  the  map.  We  may  therefore 
conclude  that  this  boundary  corresponds  to  an  isoseismal  of  intensity 
between  IV.  and  V.,  and  probably  nearer  V.  than  IV. 

Sound-phenomena, — All  the  places  where  the  characteristic  earth- 
quake-sounds are  known  to  have  been  heard  are  marked  on  the  map 
with  a  small  cross  (4.)  through  the  spot  indicating  the  position  of 
the  place.  They  are  unfortunately  very  few  in  number,  only  19  out 
of  the  53  places  from  which  records  have  been  received.  But,  on 
the  other  hand,  there  are  several  places  where  the  shock  was  felt, 
and  where  it  is  expressly  stated  that  no  sound  was  heard.  These 
are  Leith,  Trinity,  Burntisland,  and  Polmont,  and  they  are  indicated 
on  the  map  by  a  stroke  ( — )  drawn  through  the  spot  representing 
the  place.  It  is  also  important  to  note  that,  whilst  records  from 
Edinburgh  (where  the  intensity  was  V.)  are  numerous,  28  in  number, 
in  only  two  oases  is  there  any  mention  made  of  earthquake-sounds. 
Again,  at  Peebles  (where  the  intensity  was  IV.)  out  of  four  separate 
accounts  which  Dr.  Gunn  sent  me,  two  are  records  of  the  sound- 
phenomena  only,  the  shock  being  apparently  not  felt  in  these  cases. 
From  these  facts,  two  conclusions  may  be  drawn : 

(1.)  The  area  throughout  which  the  sounds  were  heard  was  not 
coextensive  with  the  disturbed  area ;  a  fact  previously  noticed  in  the 
case  of  other  earthquakes. 

(2.)  The  centre  of  the  sound-area  was  not  coincident  with  that  of 
the  disturbed  area,  but  lay  probably  about  2^  miles  to  the  south  or 
south-east  of  the  latter.  It  will  be  seen  that  a  similar  inference 
may  be  made  in  the  case  of  the  Lancashire  earthquake  of  Feb.  10. 
I  believe  that  this  conclusion  is  new,  and  will  be  found  to  throw 
light  on  the  origin  of  earthquake-sounds. 

In  their  character  the  sounds  accompanying  the  Edinburgh 
earthquake  do  not  seem  to  have  been  in  any  way  unusual.  The 
following  are  the  only  detailed  descriptions  I  possess  : 

Balemo  :  like  the  falling  of  a  heavy  mattrass. 

Bathgate  :  as  if  a  heavy  waggon  had  passed  along  the  street. 

Gockbum  :  as  though  a  large  tree  had  fallen  near  the  house. 

Edinburgh :  (1)  like  the  rumbling  of  a  passing  coach  ;  (2)  a 
loud  sharp  crash,  as  if  the  door  had  been  slammed  in  an  extraordinary 
manner. 

Harperrigg:  like  the  firing  of  a  time-gun  twice,  accompanied 
with  an  oscillation. 

Rirknewton  :  a  loud  clanking  noise. 

Linlithgow  :  a  suppressed  rumbling  sound. 

Peebles :  like  the  passing  of  a  heavy  cart. 

Eatho :  like  the  passing  of  a  heavy  traction-engine. 

In  every  place  the  duration  of  the  sound  seems  to  have  been  very 
short.  This  is  evident  from  some  of  the  above  accounts,  and 
probably,  as  before  remarked,  the  duration  of  the  sound  is  included 
in  the  estimates  of  the  duration  of  the  shock  given  above.     The 
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sound  18  generally  said  to  have  acoompanied  the  shock,  bnt  this  is  a 
Tague  expression.  Probably  it  overlapped  the  shook  slightly  at 
either  end ;  at  different  places  in  and  near  Peebles,  Dr.  Gunn  informs 
me  that  it  was  said  in  one  case  to  precede  the  shock,  in  two  to  follow 
it^  and  in  one  to  both  precede  and  follow  it 

PontioH  of  the  Seismic  Focus  and  Geological  Relations. — The  faults 
of  the  Edinburgh  district  "group  themselves  naturally  into  two 
series,  one  more  or  less  at  right  angles  to  the  strike  of  the  beds,  that 
is,  east  and  west,  or  from  south-east  to  north-west;  the  other  usually 
of  greater  magnitude,  in  long  parallel  north-east  and  south-west 
lines."  The  latter  faults  '*  lie  almost  wholly  along  the  axis  of  the 
Pentlanda.  In  place  of  cutting  across  the  strike  of  the  country  as 
the  other  faults  do,  they  run  parallel  to  it.  Flankincr  each  side  of 
the  anticline,  their  effect  has  been  to  depress  the  Carboniferous  strata 
against  the  older  rocks  of  the  hillef,  so  that  on  the  west  side  their 
downthrow  is  to  the  west,  and  on  the  east  side  to  the  east"  Of 
these  main  faults,  which  are  four  in  number,  three  are  shown  on  the 
accompanying  map  of  the  Edinburgh  earthquake.  The  first  of  these 
(marked  AA  on  the  map)  extends  from  the  sea  at  Portobello  to 
beyond  Carlops  in  Peeblesshire ;  its  downthrow  is  to  the  south-east, 
and  the  amount  of  the  throw  in  parts  probably  not  less  than  3000  feet 
The  second  fault  (BB)  reaches  from  the  head  of  the  Liogan  valley  to 
North  Black  Hill,  where  it  seems  to  die  out  The  third  fault  (CC) 
extends  in  a  wavy  line  from  Arthur's  Seat,  near  Edinburgh,  to  the 
neighbourhood  of  Bevelaw  ;  but  in  certain  parts  its  course  is  some- 
what doubtful.  The  downthrow  of  the  two  latter  faults  is  to  the 
north- west,  but  the  amounts  of  their  throw  are  unknown.^ 

Now,  the  centre  of  the  disturbed  area,  as  indicated  on  the  map, 
lies  about  3  miles  W.  42^  S.  of  Balerno ;  and  this,  as  before  remarked, 
may  be  regarded  as  the  approximate  position  of  the  epicentrum, 
which  is  therefore  to  the  north-west  of  all  three  of  the  faults.  The 
earthquake  cannot,  then,  have  any  connexion  with  the  first  of  these 
faults.  From  the  line  of  the  third  fault  (GC),  the  perpendicular 
distance  of  the  epicentrum  is  about  1^  miles.  The  shock  might  ap- 
parently have  been  caused  by  a  slight  extension  of  the  fault  towards 
the  south-west,  or  by  a  slip  of  the  fault,  supposing  it  to  extend 
underground  far  enough  in  this  direction.  But,  unless  we  assume 
that  the  earthquake  originated  at  one  fault,  and  the  earthquake- 
sounds  at  exactly  the  same  moment  at  another,  it  does  not  seem 
possible  to  connect  the  earthquake  with  this  fault ;  for  the  centre  of 
the  sound-area  lies  about  two  or  three  miles  to  the  south  or  south- 
east of  the  epicentrum,  and  therefore  to  the  south  or  south-east  of 
the  line  of  fault  at  the  surface. 

Turning  next  to  the  second  fault  (BB),  we  find  the  perpendicular 
distance  of  the  epicentrum  from  the  line  of  fault  at  the  surface  is 
about  2^  miles ;  and  this  would  admit  of  the  sound-focus  being  on 
the  fault'plane,  but  probably  close  to  the  surface.     It  does  not  seem 

1  H.  H.  Howell  and  A.  Geilde,  Geology  of  the  Neighbourhood  of  Edinburgh, 
pp.  11S-U9. 
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unreasonable  to  infer,  then,  that  the  Edinburgh  earthquake  was  in 
some  way  connected  with  this  fault. 

If  the  inclination  of  the  fault  were  known  in  the  neighbourhood 
of  the  epicentrum,  this  would  enable  us  to  determine  approximately 
the  depth  of  the  seismic  focus,  assuming  the  inclination  to  be  con- 
stant to  a  depth  of  a  few  miles  below  the  surface.  The  exact  incli- 
nation is,  however,  unknown ;  but  Prof.  J.  G^eikie  informs  me  that 
it  "  cannot  be  less  than  70°-80°  from  the  horizontal,  say.  about  15° 
from  the  vertical."  If  this  be  the  case,  then,  the  depth  of  the  centre 
of  the  seismic  focus  is  not  much  less  than  6  miles,  nor  much  greater 
than  12|  miles,  and  perhaps  does  not  differ  considerably  from  8f 
miles. 

The  bearing  of  the  observations  made  on  the  first  direction  of 
motion  of  the  principal  vibration  will  now  be  obvious.  The  six 
places  (Edinburgh,  Balemo,  Trinity,  Davidson's  Mains,  Linlithgow, 
and  Polmont)  where  the  movement  was  first  upward,  lie  on  the 
downthrow  side  of  the  fault,  whilst  Penicuik,  where  the  movement 
was  downward  first,  is  on  the  upthrow  side.  Now,  if  the  mass  of 
rock  on  the  downthrow  side  slipped  slightly  downwards,  or  if  the 
mass  on  the  upthrow  side  slipped  upwards,  the  particles  on  the 
downthrow  rock-face  would  be  drawn  upwards  first,  and  those  on 
the  upthrow  rock-face  would  be  drawn  downwards.  The  earth- 
wave  or  the  rock-masses  on  either  side  of  the  fault  would  thus  start 
in  opposite  phases  of  vibration,  and  the  resulting  effects  at  the  seven 
places  on  the  surface  would  be  those  described  above. 

I  believe  we  may,  then,  with  some  probability,  conclude:  (1) 
that  the  Edinburgh  earthquake  was  caused  by  a  slip  of  the  fault 
marked  BB  on  the  map,  at  a  spot  vertically  below  the  position 
indicated  for  the  epicentrum,  and  therefore  not  far  from  the  middle 
of  the  fault,  where,  probably,  the  throw  is  a  maximum  and  where 
earthquake-action  has  been  most  frequent  or  most  intense;  (2)  that, 
on  account  of  the  simple  character  and  short  duration  of  the  dis- 
turbance, the  horizontal  length  of  the  fault  over  which  the  slip  took 
place  was  very  short,  possibly  less  than  a  mile;  (3)  that  the  slip  of 
the  downthrow  side  was  downwards  or  that  of  the  upthrow  side 
upwards,  resulting,  in  either  case,  in  an  increase  of  the  throw  of  the 
fault  in  the  neighbourhood  of  the  seismic  focus  ;  and  (4)  that,  while 
the  region  of  maximum  slip,  the  focus  of  the  earthquake  proper,  was 
probably  at  a  depth  of  several  (perhaps  about  8)  miles,  the  slip 
extended  upwards  to  within  a  short  distance  of  the  surface,  this  part 
of  the  slip-area  being  the  focus  of  the  sound-vibrations.  This  latter 
conclusion  will  be  considei^ed  somewhat  more  fully  in  treating  of 
the  Lancashire  earthquake,  and  at  greater  length  in  a  subsequent 
paper. 

"  When  we  reflect,"  says  Dr.  A.  Geikie,  "  upon  the  extent  of 
depression  produced  by  these  faults,  we  see  at  once  that  the  Car- 
boniferous rocks  must  formerly  have  stretched  across  the  area  of  the 
Pentland  Hills,  and  that  it  is  to  the  agency  of  these  dislocations, 

^  On  the  Existence  of  Undisturbed  Spots  in  Earthquake-shaken  Areas,   Geol. 
Mao.  (April,  1886),  Vol.  III.  pp.  167-169. 
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aided  sobsequently  by  an  extensive  denudation,  that  the  older  rocks 
of  that  chain  are  visible."  ^  The  Pentland  faults  have  thus  played 
an  important  part  in  the  past  history  of  the  district.  But  their 
work  is  not  yet  finished,  and  the  occurrence  of  the  Edinburgh 
earthquake  shows  that  the  process  of  geological  change  is  still  being 
carried  out  on  the  same  lines  as  before.  It  remains  for  future  earth- 
quakes to  enable  us  to  determine  the  laws  which  govern  these 
changes  and  the  rate  at  which  they  are  now  taking  place. 

Authorities, — "Dalkeith  Advertiser,"  Jan.  24;  "  Dumfermline 
Journal,"  Jan.  26;  '*  Falkirk  Herald,"  Jan.  19;  "Lanarkshire 
Examiner,"  Jan.  26  ;  '*  Peeblesshire  Advertiser,"  Jan.  26  ; 
"Scotsman"  (Edinburgh),  Jan.  19,  21,  22,  23,  25,  and  Dec.  28; 
"  West  Lothian  Courier  "  (Bathgate),  Jan.  19  and  26.« 

For  other  information  contained  in  the  above  account,  I  have 
pleasure  in  thanking  the  following  gentlemen  :  Mr.  J.  Aitken,  F.R.S., 
Prof.  R.  Copeland,  F.R.S.E.,  Dr.  G.  Craigie  (Musselburgh),  Mr.  W. 
Dick  (Tynehead  Station),  Dr.  John  Doig  (Bathgate),  Prof.  J.  Geikie, 
F.R.a,  Dr.  C.  B.  Gunn  (Peebles),  and  the  Rev.  W.  Ross  (Polmont) , 

{To  he  eontintted.) 


IIL — An  Inexpensive  Apparatus  fob  the  Isolation  of  Minerals 
BY  Means  of  Heavt  Liquids.' 

By  J.  W.  Evans,  LL.B.,  B.Sc,  F.G.S.  ; 
.  Demonstrator  in  Geology,  Boyal  College  of  Science,  London. 

I  AM  aware  that  in  describing  a  new  apparatus  for  separation 
by  heavy  liquids,  I  am  adding  another  item  to  a  list  which  is 
already  a  very  long  one.  My  only  excuse  is  that  this  particular 
form  has  the  advantage  of  being  easily  and  cheaply  constructed  from 
ordinary  chemical  apparatus,  and  yet  has  most  of  the  advantages  of 
Thoulet's  ^  comparatively  expensive  form. 

The  construction  and  use  will  be  best  explained  by  means  of  the 
accompanying  drawings. 

^  is  a  cylindrical  funnel.  The  conical  portion  connecting  the 
upper  cylinder  with  the  narrower  cylinder  or  tube  below,  should  be 
as  steep  as  possible,  otherwise  a  little  trouble  is  occasioned  by  par- 
ticles adhering  there. 

The  funnel  is  closed  below  by  means  of  a  piece  of  india-rubber 
tubing  and  pinchcock.  It  may  be  supported  on  an  ordinary  wooden 
filter  stand. 

*  Geol.  of  the  Neighbourhood  of  Edinburgh,  p.  120. 

'  The  following  papers  contain  descriptions  of  the  Edinburgh  earthquake  :~A.  G., 
The  Earthquake  at  Edinburgh,  Nature  (Jan.  31,  1889),  vol  39,  pp.  324-325.  B. 
Richardson,  On  the  Earthquake  Shocks  experienced  in  the  Edinbu^h  District  on 
Friday,  January  18,  1889  (read  before  the  Edinburgh  Geol.  Soc.  on  Feb.  21,  1889), 
**  Scottish  Geographical  Magazine  **  for  March,  1889. 

'  A  short  notice  of  my  apparatus  in  its  simplest  form  will  be  found  at  p.  108  of 
the  interestine  and  valuable  Manual  by  Professor  Cole,  of  the  Royal  College  of 
Science,  Dublin,  entitled,  "  Aids  to  rractical  Geology,*'  which  has  just  been 
published. 

«  BulL  Soc.  Min.  de  France,  t.  ii.  (1879)  p.  17. 
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B  repreflente  a  long  glass  tube  (6,)  passing  through  the  centre  of 
a  oork.  At  the  lower  end  the  tube  is  brought  to  a  blunt  point,  m 
which  is  a  minute  aperture.  After  being  drawn  out  to  a  point,  the 
end  must  be  carefully  heated  again  so  as  to  thicken  the  glass  round 
the  hole  without  closing  it  entirely.  Unless  this  is  done,  the  pomt 
of  the  tube  is  apt  to  break  off.  This  tube  can  be  closed  above  by 
india-rubber  tubing  and  a  short  piece  of  glass  rod.  The  oork  is  also 
perforated  (as  shown)  by  another  tube  (6,),  which  can  be  closed  m 
a  similar  manner. 


w^ 


m !ii 
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liif 


>( 


M 
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The  liquid  and  the  material  to  be  operated  on  are  placed  in  the 
funnel.  When  the  first  separation  has  taken  place,  the  apparatus  B 
is  inserted,  the  point  of  6j  should  reach  down  close  to  the  pinohcock. 
hi  is  left  open  at  the  top,  and  5^  is  connected  with  an  air-pump, 
which  should  be  very  cautiously  worked  and  the  pressure  diminished 
so  that  a  gentle  stream  of  bubbles  passes  from  the  opening  at  the 
end  of  &i.  The  particles  are  thus  thoroughly  shaken ;  the  lighter 
fragments  that  have  been  carried  with  the  heavier,  or  vice  versd,  are 
disengaged. 

The  upper  end  of  hi  is  now  closed  and  the  air  is  exhausted  so  as 
to  get  rid  of  any  air  attached  to  the  grains.  The  apparatus  may 
then  be  separated  from  the  air-pump  by  compressing  the  india- 
rubber  tube  attached  to  h^  and  at  the  same  time  disconnecting  the 
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end  and  inserting  the  pieoe  of  glaas  rod.  After  the  lapse  of  some 
time  air  is  re-admitted  through  hy 

The  above  prooeeses  may  be  repeated  several  times,  if  thought 
necessary  ;  to  more  thoroughly  shake  the  lighter  fragments,  the 
tnbe  hi  may  be  raised  till  the  end  is  only  just  below  the  liquid. 

If  an  air-pump  is  not  available,  the  air  may  be  withdrawn  by  the 
longs,  but  the  effort  to  overcome  the  weight  of  the  column  of  liquid 
is  apt  to  render  the  passage  of  air  rather  violent  The  tube  h^  may 
also  be  used  (without  the  cork)  to  agitate  the  lighter  layer  by  gently 
blowing  jnst  below  the  surface ;  or  to  disturb  any  fragments  resting 
on  the  conical  part  of  the  apparatus,  which  may  be  best  done  by 
drawing  up  a  portion  of  the  liquid  and  then  letting  it  descend  from 
the  tube  close  to  the  fi-agments  to  be  moved ;  but  it  is  safer  to  use  a 
pipette  for  this  purpose. 

A  few  lighter  particles  may  adhere  to  the  tube  as  it  is  removed ; 
if  it  is  desired  not  to  neglect  these,  they  may  be  washed  back  by 
liquid  of  the  same  density. 

In  order  to  draw  off  the  heavier  particles,  the  apparatus  G  and  D 
is  used.  0  is  a  thistle-tube  perforating  a  cork,  and  having  at  the 
lower  end  a  piece  of  india-rubber  tube  («i)  of  less  diameter  when 
nnstretched  than  C.  The  india-rubber  at  the  end  of  C  fits  tightly 
into  the  top  of  the  narrow  portion  of  A.  D  is  a  glass  rod  brought 
to  a  conical  point  at  the  lower  end.  Insert  it  in  (J  so  that  the  end 
projects  some  distance  beyond  the  india-rubber  Ci,  in  which  it  should 
fit  tightly.  The  whole  is  then  inserted  in  the  funnel.  If  this  is 
done  skilfully,  few  (if  any)  of  the  lighter  particles  are  carried  down 
with  it,  as  the  conical  end  of  the  glass  rod  causes  a  cetitrifugal 
movement  at  the  surface  as  it  passes  down.  To  remove  any  that 
may  have  descended,  adjust  the  cork  so  that  the  india-rubber  is  a 
little  above  the  narrow  portion  of  the  funnel ;  a  little  movement  and 
the  lapse  of  a  few  minutes  will  be  sufficient.  If  any  particles  are 
caught  by  the  lower  end  of  the  india-rubber  Ci,  they  may  be  dis- 
placed by  an  up-and-down  movement  of  the  rod  D  relatively  to  C. 
Now  depress  C  so  as  to  fit  tightly  in  the  narrow  portion  of  the 
funnel,  tighten  the  cork,  withdraw  the  rod  D,  and  open  the  pinch- 
cock  ;  the  lower  part  of  the  liquid  falls  with  the  heavier  fragments 
into  a  beaker;  the  tube  is  then  thoroughly  washed  clear  of  all 
residuary  particles  by  a  stream  of  distilled  water  poured  into  the 
cup  of  the  thistle-tnbe  C. 

After  letting  the  tube  drain  till  nearly  free  from  water,  the  pinch- 
cock  having  been  closed,  and  the  tube  C  removed,  the  density  may 
be  lowered  for  another  separation  ;  this  is  best  done  by  gradually 
adding  the  diluting  fluid  through  61  or  a  similar  tube,  the  small 
aperture  being  at  the  bottom  of  the  narrow  portion  of  the  funnel. 
The  thin  stream  of  lighter  fluid  easily  mixes  with  the  heavier  as 
it  rises,  especially  if  the  tube  is  being  gently  agitated.* 

^  I  hare  not  arranged  for  the  calculation  of  density  from  the  volnmes  used. 
If  required,  the  apparatus  could  be  graduated  (bein^  heightened  if  neceuiar^). 
Pnu^tically  it  is  better  to  dilute  with  a  solution  only  slightly  lighter  till  separation 
takes  place  and  then  determine  the  density  by  one  of  the  usual  methods. 
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The  above  form  is  adapted  for  use  with  Klein's  solation  (Boro- 
tungstate  of  Cadmium),  which  has  been  found  the  best  for  practical 
use  for  densities  below  8*28,  as  it  has  not  the  highly  poisonous 
character  of  the  Sonstadt  solution  (potassium  iodide  and  mercnric 
iodide)  and  does  not  decompose  and  discolour  so  easily  as  methylene 
iodide.  Above  3*28,  methylene  iodide,  with  or  without  the  addition 
of  iodoform  (as  proposed  by  Eetgers),^  must  be  used.  Here,  as  the 
use  of  india-rubber  is  inadmissible,  the  pinchcock  must  be  replaced 
by  a  glass  tap  (but  the  bore  need  not  be  the  same  as  that  of  the  glass 
tube,  as  is  usually  necessary  in  apparatus  of  this  nature) ;  and 
instead  of  using  the  india-rubber  Cj,  the  end  of  the  thistle-tube  C 
and  the  base  of  the  conical  part  of  the  funnel  must  be  ground  so 
as  to  fit  one  another,  and  the  rod  D  must  closely  fit  the  tube. 

The  tube  C  has  some  external  similarity  to  the  plug  used  in  the 
useful  apparatus  devised  by  Mr.  Smeeth ; '  but  there  the  plug  is  not 
perforated,  and  there  is  no  resemblance  in  the  mode  of  action  of  the 
two  forms. 

I  ought  to  add  that  all  my  work  witli  heavy  liquids  has  been 
carried  on  at  the  Boyal  College  of  Science,  where  Professor  Judd 
has  kindly  given  me  every  facility  in  my  endeavours  to  find  the  best 
practical  form  of  instrument  neither  too  expensive  nor  too  delicate 
for  students*  work. 


IV. — Essays  in  Theobetioal  Gbologt. 

By  E.  D.  Oldham,  A.ILS.M.,  F.G.S., 
of  the  Geological  Survey  of  India. 

The  Age  and  Origin  of  the  Hihalatas,  with  Especial  Refer- 
ence to  the  Bev.  0.  Fisher's  Theory  of  Mountain  Formation. 

The  Facts  {continued  from  p.  18). 

I  HAVE  already  shown  that  the  northern  boundary  of  the  Indo- 
Gangetic  alluvium  is  a  structural  one,  and  that  the  rock  area 
immediately  to  the  north  of  it  has  been  elevated,  while  the  nature  of 
the  boundary  on  the  south,  the  deep  imbayments  of  the  alluvium, 
the  gentle  manner  in  which  the  older  rocks  slip  under  it,  and  the 
inliers,  alike  show  that,  on  the  south,  the  alluvium  has  gradually 
encroached  on  the  rock  area  by  the  subsidence  of  the  latter. 

I  have  also  shown  that  at  one  period  the  present  demarcation 
of  the  Peninsular  and  Extra  pen  insular  ai*eas  did  not  exist,  and  that 
the  latter  extended  across  the  area  now  occupied  by  the  Gangetio 
alluvium  into  what  is  now  Sikkim.  From  this  we  may  conclude 
that  during  the  rise  of  the  Himalayas  the  formation  of  the  depression 
now  occupied  by  the  alluvial  deposits  of  the  Indus  and  Ganges 
has  proceeded,  and  that,  just  as  its  northern  boundary  has  been 
encroached  upon  by  the  gradual  southward  extension  of  the  Himalayan 
region,  so  it  has  itself  encroached  on  the  rock  area  to  the  south, 
and  necessarily  at  a  greater  rate. 

»  J.  W.  Retgers,  Neues  Jahrbuch,  1889  (2),  p.  185, 

-  Scientific  Proceedings  of  the  Royal  Dublin  Society,  toL  tL  (new  series  1888), 
p.  58. 
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If  this  hypothesis  is  true,  the  seotions  of  deep  borings  near  either 
limit  of  the  alluvium  should  show  diverse  results  as  to  the  relative 
proportion  of  fine  to  ooarse»grained  deposits  near  the  surface  and 
further  down.  On  the  north,  the  southward  march  of  the  edge 
of  the  hills  would  lead  to  coarse-grained  deposits  extending  over 
finer,  while  near  the  southern  margin  the  increasing  distance  from 
the  edgQ  of  the  rock  area  should  lead  to  fine-grained  deposits  being 
laid  down  over  coarser. 

The  deep  borings,  which  have  been  put  down  in  the  Gangetic 
alluvium,  are  few  in  number,  and,  except  two,  are  not  well  situated 
for  testing  the  hypothesis. 

The  first  of  these  is  the  boring  made  in  Fort  William,  Calcutta, 
in  1836-38.  In  discussing  this  and  the  other  borings  I  shall  adopt 
the  method  of  classifying  the  beds  passed  through  as  <'  sand  "  and 
"  clay."  A  more  perfect  classification  is  impossible,  owing  to  the 
vagaries  of  nomenclature  indulged  in  by  the  men,  never  trained 
geologists,  to  whom  the  sinking  of  the  borings  must  necessarily 
be  entrusted.  By  classifying  "sand,**  "coarse  sand,"  "clayey 
Band,"  etc.,  as  sand;  and  "clay,"  "silt,"  "sandy  silt,"  "limey 
silt,"  etc.,  as  clays,  we  shall  get  a  very  fair  general  idea  of  the 
relative  coarseness  of  grain  of  the  beds  passed  through  in  different 
parts  of  the  same  boring. 

Adopting  this  system  of  classification,  we  may  make  an  abstract 
of  the  Fort  William  boring  *  thus : — 
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The  increase  in  coarseness  of  grain  of  the  beds  passed  through  is 
conspicuous  enough  ^n  this  absti-act,  but  the  reality  is  even  more 
striking,  for,  in  the  sand  from  180  feet  downwards,  some  beds  of 
gravel  and  pebbly  sand  are  included,  and  the  boring  was  finally 
brought  to  a  standstill  in  a  bed  of  gravel  which  it  was  not  found 
possible  to  penetrate. 

The  second  boring  of  importance  is  that  made  at  Umballa.' 
Adopting  the  same  broad  classification  of  clay  and  sand,  we  get  the 
following  result : — 
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Here  we  have,  as  the  hypothesis  requires,  a  very  distinct  increase 

1  For  detailed  section  see  Rec.  G^l.  Sunr.  Ind.  vol.  xiv.  p.  221  (1881) ;   Calc. 
Journ.  Nat.  Hist.  toI.  i  p.  324  (1841). 
3  fiec.  6eol.  Sunr.  Ind.  yoL  xiy.  p.  23S. 
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in  coarseness  of  texture  in  the  npper  beds  as  compared  with  the 
lower.* 

Besides  these  two  borings,  one  has  been  put  down  at  Agra,  the 
evidence  of  which  is  slightly  vitiated  by  the  peculiar  local  conditions. 
The  abstract  of  the  section  is  as  follows : ' — 
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Here  there  would  seem  to  be  an  increase  of  coarseness  of  texture, 
both  upwards  and  downwards,  from  200  feet.  The  explanation  of 
this,  I  apprehend,  is  to  be  found  in  the  fact  that  the  surface  deposits 
round  Agra  are  largely  composed  of  blown  sand ;  and  it  is  probable 
that  the  sand  beds  found  in  the  uppermost  160  feet  of  the  section  are 
of  8Bolian  origin,  while  below  that  the  beds  are  alluvial  and  exhibit 
the  gradual  upward  increase  in  fineness  of  texture  required  by  the 
hypothesis. 

A  fourth  boring  has  lately  been  sunk  to  a  depth  of  1836  feet 
at  Lucknow.  As  might  be  expected  from  its  situation,  •'  there  is 
no  marked  increase  or  decrease  in  the  coarseness  of  the  beds  passed 
through ;  but,  near  the  bottom  of  the  boring,  some  beds  of  coarse 
sand  were  found,  and  these  may  indicate  an  approach  to  the  base 
of  the  alluvium  and  mark  a  time  when  its  southern  boundary  was 
not  far  from  Lucknow." 

To  sum  up,  of  the  four  deep  borings  which  have  been  made, 
two  are  completely  in  accordance  with  the  hypothesis ;  one  is  in 
favour  of  it,  though  its  evidence  is  vitiated  by  peculiar  local  condi- 
tions ;  while  the  fourth  is  so  situated  as  to  give  no  evidence  one 
way  or  the  other  till  it  is  carried  to  a  greater  depth.  Sjtronger 
proof  is  at  present  impossible,  and  we  may  accept  the  hypothesis 
as  a  true  one. 

To  summarize  the  history  of  the  Himalayas  as  revealed  by  their 
geology,  we  find  that  at  the  commencement  of  the  Secondary  period 
the  Himalayan  system  of  disturbance  had  not  commenced;  that, 
some  time  towards  the  end  of  the  Secondary  period,  it  originated 
near  the  middle  of  the  range  and  gradually  extended  outwards, 
reaching  the  country  now  accessible  to  observation  in  the  North- 
western portion  of  the  Himalayas,  about  the  commencement  of  the 
Tertiary  period ;    that  the  beds  had,  at  this  epoch,  undergone  but 

^  On  a  former  occasion  (Bee.  Geo!.  Surr.  Ind.  vol.  XTiii.  t>.  11 8^  I  was  misunderstood 
when  urging  this  argument ;  it  was  pointed  out  that  TJmballa  is  peculiarly  situated 
in  an  area  which  receives  no  coarse  deposit ;  that,  at  an  equal  distance  from  the  foot 
of  the  hills,  large  boulders  were  found  in  the  foundations  of  the  railway  bridge  over 
the  Jumna  ;  and  it  was  urged  that  the  section  was  consequently  irrelevant.*  Owing 
to  this  I  must  here  point  out  that  the  argument  is  by  no  means  affected  by  the 
greater  or  less  average  coarseness  of  texture  of  the  deposits  on  other  sections,  as  it 
only  claims  that  on  any  individual  section  near  the  nortnem  limit  of  the  plains  the 
be^  near  the  surface  will,  on  the  average,  have  a  greater  coarseness  of  texture  than 
those  which  underlie  them. 

3  For  detailed  section  see  Bee  Geol.  Sunr.  Ind.  vol.  xviii.  p.  121. 
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little  disturbanoe  and  contortion,  while  suoh  oompression  as  they 
Lad  been  subject  to  did  not  belong  to  the  Himalayan  Kystem  of 
disturbance.  From  this  time  onwards  the  beds  have  been  con- 
tinuously subject  to  compression,  contortion,  disturbanoe  and  elevation, 
and  the  Himalayas  have  been  continuously  an  area  of  denudation. 

As  soon  as  the  Himalayas  were  defined  as  a  distinct  hill  range, 
a  series  of  subaerial  deposits  of  great  thickness  began  to  be  deposited 
in  a  region  of  subsidence  along  their  outer  edge,  and  the  demarcation 
between  the  areas  of  subsidence  and  deposition  on  the  one  hand, 
and  of  elevation  and  denudation  on  the  other,  was  abrupt,  exhibiting 
itself  at  the  present  day  as  a  gigantic  fault.  As  the  Himalayas  rose, 
the  boundary  between  the  two  areas  advanced  step  by  step  to  the 
southwards;  the  beds  which  had  been  deposited  along  the  foot  of 
the  original  hills  were  compressed,  disturbed,  elevated,  and,  con- 
sequently, exposed  to  denudation ;  but  the  new  limit  between  the 
area  of  elevation  and  of  depression  was  again  an  abrupt  one,  which, 
on  a  subsequent  further  advance  of  the  hill  area,  showed  itself  as  a 
fault  with  an  upthrow  towards  the  central  range.  Concurrently  with 
this  southward  march  of  the  margin  of  the  Himalayas,  the  depression 
occupied  by  the  Indo-Gangetic  alluvium  extended  itself  to  the  south- 
wards by  the  gradual  subsidence  of  the  peninsular  rock  area. 

Such  are  the  main  features  of  the  history  of  the  Himalaya.  As 
I  have  shown,  there  have  probably  been  minor  elevations  of  the 
range  unaccompanied  by  disturbance ;  but,  in  the  main,  its  elevation 
is  the  direct  result  of,  and  has  been  accompanied  by,  compression 
and  contortion  of  the  beds  of  which  it  is  composed. 

II.— r*«  Theory, 

It  is  now  generally  admitted  that  the  elevation  of  what  may  be 
called  true  mountain  ranges  is  but  a  secondary  effect  of  that  com- 
pression which  their  structure  shows  they  have  undergone.  There 
is  also  a  general  concensus  of  opinion  in  favour  of  the  Herschel- 
Babbage  doctrine  that  denudation  and  elevation,  deposition  and 
subsidence,  are  closely  connected  with  each  other,  at  least  in  so  far 
that  denudation  acts  in  intensifying  the  effect  of  the  causes  which 
lead  to  elevation,  and  deposition  of  those  that  lead  to  subsidence. 

The  most  recent  and  complete  adaptation  of  this  doctrine  to  the 
theory  of  mountain  formation  is  contained  in  the  Rev.  O.  Fisher's 
work  on  the  "  Physics  of  the  Earth's  Crust."  Mr.  Fisher's  hypo- 
thesis demands  a  solid  crust  resting  on  a  denser  magma,  whose 
condition  is  actullay  or  virtually  that  of  a  fluid.  The  crust,  on  being 
subjected  to  compression,  yields  along  certain  lines  and  as  a  result 
is  thickened,  both  upwards  and  downwards,  from  a  zone  somewhere 
in  the  thickness  of  the  crust  ''above  which  the  material  will  on 
the  average  be  sheared  upwards,  and  below  it  downwards ;  "  this 
zone  is  called  the  "neutral  zone,"  and,  for  reasons  which  it  is 
needless  to  enter  into  here,  is  placed  at  three- fifths  of  the  thickness 
of  the  crust  from  its  upper  surface.^ 

As,  for  many  reasons,  it  is  highly  improbable  that  the  elevation 
1  Physics  of  the  Earth's  Onist,  second  edition,  pp.  183>18i« 
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would  be  perfectly  Bymroetrical,  we  may  assume  that  the  watershed 
would  be  nearer  one  side  than  the  other,  and,  consequently,  a  larger 
amount  of  debris  removed  by  denudation  would  be  deposited  on  the 
opposite  side  of  the  ridge,  with  the  result  that  the  centre  of  gravity 
would  be  shifted  towards  that  side  on  which  the  greater  quantity  of 
sediment  is  deposited,  that  is,  to  the  right  of  the  diagram,  Fig.  1. 
In  this  state  the  centres  of  gravity  and  of  flotation,  are  no  longer 
in  the  same  vertical,  and  equilibrium  is  only  restored  by  a  rotation  of 
the  disturbed  tract  accompanied  by  an  extension  of  the  depression 
to  the  right  and  a  diminution  and  ultimate  extinction  of  that  to  the 
left.  Along  with  this  rotation  there  would  be  a  general  shifting  of 
the  tract  to  the  right,  which  would  expose  the  left-hand  side  to 
tension,  <' which  may  possibly  open  fissures  downwards  on  the 
western  side  of  the  range." 

Fio.  2. 


Fig.  1. 

Fio.  1.— FiBher*8  Physics  of  tbfi  Barih's  Crust.    Diagram  on  p.  186.   2nd  edition. 
Fio.  2.— Diagram  to  illustrate  the  theory  of  the  elevation  of  the  Himalayas. 

scale  :  hor.  about  60  miles,  yert.  about  30  miles  to  1  inch. 
A, — Massif  of  the  Himalayas. 
B.— "Root"  of  the  same. 

C. — Earlier  margiDal  deposits,  compressed  and  elevated. 
e, — Continuation  of  the  same,  depressed  and  undisturbed. 
D. — Subsequent  deposits  overlapping  C. 
h. — Sinking  of  lower  surface  of  crust  due  to  C  and  D. 

The  extinction  of  the  Nummulitio  sea  of  the  central  Himalayas 
and  the  great  volcanic  outbursts  which  accompanied  it  may  represent 
the  extinction  of  the  depression  on  the  left-hand  side  of  the  diagram, 
but  the  greater  part  of  the  elevation  of  the  Himalayas  having  taken 
place  since  this,  we  are  at  once  encountered  by  the  difficulty  that 
the  hypothesis  requires  a  rotation  of  the  whole  of  the  Central  Asian 
plateau.  We  have  no  reason  to  suppose  that  so  large  a  mass  of  the 
earth's  crust  would  have  a  rigidity  sufficient  to  allow  of  its  rotation 
as  a  whole ;  on  the  contrary,  there  is  every  reason  to  suppose  that 
it  would  yield  infinitely  to  any  long  continued  stress.  In  Mr. 
Fisher's  investigation  it  is,  however,  assumed  that  all  lateral  pressure 
is  relieved  before  the  action  of  denudation  commences.  Such  a 
simplification  of  the  conditions  is  essential  to  a  mathematical  in- 
vestigation; but  as  in  the  case  of  the  Himalayas  the  compression, 
has  lasted  up  to  the  recent  period,  while  there  are  not  wanting 
indications  that  it  is  still  in  progress,  we  may  take  it  that  the 
state  of  things  which  the  latter  part  of  Mr.  Fisher's  investigation 
deals  with  has  not  yet  been  reached,  and  we  may  consequently 
neglect  all  considerations  connected  with  the  rotation  of  the  Hima- 
layan tract  of  elevation. 
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We  liave  now  to  consider  what  modifications  are  required  to  fit 
the  purely  mathematical  theory  to  the  more  complex  conditions  of 
actuality.  In  the  first  place  the  elements  of  rigidity  and  rotation 
being  abandoned,  we  need  not  consider  the  left-hand  side  of  the 
diagram,  and  may  redraw  it  in  greater  accordance  with  the  conditions 
of  the  Himalayan  region.  (See  Fig.  2.)  We  have  now  an  elevated 
region  A  A  subjected  to  denudation,  and  adjoining  it  an  area 
extending  to  B,  on  which  deposition  is  taking  place,  the  deposits 
being  contributed  by  the  elevated  ground  A  to  the  north,  and  the 
waste  of  the  rock  area  to  the  south.  The  tract  being  supposed  to  be 
in  equilibrium,  as  il  is  lightened  by  denudation,  the  surplus  floating 
power  of  B  will  cause  it  to  rise,  and  the  load  thrown  on  D  will  cause 
it  to  sink,  especially  in  the  neighbourhood  of  A,  where  the  load  is 
greatest,  till  the  magma  displaced  by  the  lower  surface  of  the  crust 
is  sufficient  to  float  the  load.  The  result  will  be,  firstly  an  extension 
of  the  depression  in  a  direction  away  from  the  elevated  tract  A^ 
and  secondly  a  strong  tendency  to  either  fracture  or  flexure  of  the 
crust  at  the  junction  of  A  and  D, 

As  we  may  take  the  crust  to  be  infinitely  yielding  to  long-continued 
stresses,  there  is  no  reason  why  that  produced  by  the  lightening 
of  the  one  area  and  the  loading  of  the  other  should  not  be  relieved 
simply  by  the  sinking  of  the  latter  and  the  rising  of  the  former 
on  either  side  of  a  separating  plane.  But  denudation  and  deposition 
are  not  the  only  forces  at  work ;  for,  to  bring  the  case  into  connection 
with  that  of  the  Himalayas,  we  must  suppose  compression  to  be 
continually  at  work.  This  will  be  relieved  partly  by  an  additional 
elevation  of  A,  but  also  by  the  compression  and  consequent  elevation 
of  the  marginal  deposits  of  D,  which  would  not  offer  the  same 
resistance  as  the  already  consolidated  beds  of  A,  In  this  way  the 
deposits  on  the  edge  of  the  depression  D  would  gradually  come 
to  form  part  of  the  tract  A,  whose  boundary  would  advance  towards 
a,  but  not  to  the  same  extent  as  the  shifting  of  the  outer  boundary 
of  the  depression  towards  R. 

This  must  not  be  regarded  as  a  modification,  but  rather  as  an 
amplification  of  Mr.  Fisher's  theory  ;  it  is  a  more  detailed  investiga- 
tion of  a  part  of  the  process  which  does  not  lend  itself  to  mathe- 
matical treatment.  The  elevation  of  the  marginal  deposits  of  the 
depression  is  of  a  different  nature  to  that  referred  to  by  Mr.  Fisher, 
an  elevation  which  belongs  to  the  period  of  decadence  of  the  range, 
and  is  unaccompanied  by  disturbance.  The  Himalayas  have  only 
just  completed  their  growth,  if  they  are  not  still  growing,  and  the 
elevated  marginal  deposits  with  which  we  have  to  deal  owe  their 
elevation  to  compression,  and  belong  to  the  period  of  growth  of 
the  range. 

Taking  this  amplification  of  the  theory,  we  find  that  a  mountain 
range  which  has  completed  or  nearly  completed  its  growth,  but  not 
entered  on  the  period  of  its  decadence,  should  show  the  following 
features : — 

I.  There  should  be  a  region  continuously  exposed  to  denudation 
and  simultaneously  to  elevation. 
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II.  Coterminons  with  tbie  there  should  be  an  area  where  deposition 
and  subsidence  are  simultaneously  taking  place. 

III.  The  area  of  deposition  and  subsidence  should  gradually  spread 
outwards  from  the  mountain  range. 

IV.  The  region  of  denudation  and  elevation  should  gradually 
encroach  on  that  of  deposition  and  subsidence. 

y.  The  demarcation  between  the  areas  of  elevation  and  of  subsi- 
dence should  be  abrupt. 

YL  Near  the  limit  the  submontane  deposits  should,  during 
the  elevation  of  the  range,  be  raised  with  the  accompaniment  of 
disturbance. 

YII.  It  is  improbable  that  the  system  of  disturbance  would  com- 
mence simultaneously  along  its  whole  length,  but  rather  it  would 
extend  longitudinally  as  well  as  laterally. 

It  is  only  necessary  to  compare  this  statement  of  the  deductions 
arrived  at  theoretically  with  the  results  of  observation  as  given  in 
the  first  part  of  the  paper,  to  see  how  close  and  complete  is  their 
accordance.  And  in  this  agreement  we  find  very  strong  evidence 
of  the  truth  of  the  theory. 

I  have  ayoided  overburdening  the  text  with  references  ;  none  of  the  facts  are  here 
pablished  for  the  first  time,  and  but  little  of  the  deductions.  The  ideas  and  con- 
clusions relative  to  the  history  of  the  Himalayas  are  well  known  to  those  who  have 
worked  at  it ;  in  a  more  or  less  complete  form  they  have  been  published  at  different 
times,  but  have  never  before  been  collected  together.  The  following  papers  have 
been  made  use  of,  and  should  be  consulted  for  further  details : — 

Sir  P.  T,  VautUy,  On  the  Structure  of  the  Sewalik  Hills  and  the  Organic 
Bemains  found  in  them.    Geol.  Trans,  second  series,  vol.  v.  pp.  267-278  (1840). 

H.  B,  Medlieotu  On  the  Geological  Structure  and  Relations  of  the  Southern 
Portions  of  the  Himalayan  Ranges  between  the  Rivers  Ganges  and  Ravee.  Mem. 
Geol.  Surv.  Ind.  vol.  iii.  part  2  (1863). 

F.  Stoliczka.  Summary  of  Geological  Observations  during  a  Visit  to  the  Provinces 
of  Rupshu,  Eamag,  South  Ladak«  Zanskar,  Suroo,  and  Dras  of  Western  Tibet,  in 
1866.    Mem.  Geol.  Surv.  Ind.  vol.  v.  pp.  337-354  (1866). 

A,  B.  Wynne,  Observations  on  some  Features  in  the  Physical  Geology  of  the 
Outer  Himalayan  Region  of  the  Upper  Punjab.  Quart.  Jonm.  Geol.  Soc.  vol.  xxx. 
pp.  61-80  (1874). 

H  B.  Medlicott,  Note  on  the  Snb- Himalayan  Series  in  the  Jamu  (Jummoo) 
Hills.     Rec.  Geol.  Surv.  Ind  vol.  ix.  pp.  49-67  (1876). 

A.  B,  Wynne,  Note  on  the  Tertiary  Zone  and  Underlying  Rocks  in  the  North- 
Western  Punjfeb.     Rec.  Geol.  Surv.  Ind.  vol.  x.  pp.  107-132  (1877). 

^otes  on  the  Physical  Geology  of  the  Punjab.    Quart.  Joum.  Geol. 

floe.  vol.  xxxiv.  pp  347-376  (1878). 

J7.  B.  Medlicott,   Manual  of  the  Geology  of  India.   Cap.  22.  23, 26.  26, 27  (1879). 

W,  Theobald.  The  Siwalik  Group  in  the  Sub-Himalayan  Region.  Rec.  Geol. 
Surv.  Ind.  vol.  xiv.  pp.  66-176  (1881). 

E,  B,  Medlieott.  The  Nahan- Siwalik  Unconformity  in  the  N.  W.  Himalayas. 
Rec.  Geol.  Surv.  Ind.  vol.  xiv.  pp.  169-174  (1881). 

R,  Lydekker,  Geology  of  the  Kashmir  and  Chamba  Territories,  and  the  British 
District  of  Ehagan.     Mem.  Geol.  Surv.  Ind.  vol.  xxii.  (1883). 

R,  L,  Oldham.  Note  on  the  Geology  of  the  Gangasulan  Pargana  of  British 
Garhwal.     Rec.  Geol.  Surv.  Ind.  vol.  xvii.  pp.  161-lfi7  (1884). 

Memorandum   on  the   Probability  of  Obtaining  Water  by  Means  of 

Artesian  Wells  in  the  Plains  of  Upper  India.     Rec.  Geol.  Surv.  Ina.  vol.  xviii. 
pp.  110-112  (1885). 

C,  S,  MiddUtntu,  Physical  Geology  of  the  Sub- Himalaya  of  Garhw&l  and 
Kumaun.    Mem.  Geol.  Surv.  Ind.  vol.  xxiv.  part  2  (1890). 


Digitized  by  VjOOQIC 


Notices  qf  Memoirs — W.  W.  Watts — On  Long  Mountain.     77 


I. — Prof.  W.  Damks  on  a  Swedish  Cbbtaoeous  Bibd. 

''UbBEB  YoaBLBBSTE   AUS    DEtt   SaLTHOLMSKALK   YON    LlMHAHN    BBI 

Malmo."    By  W.  Dames.     Bihang  till  k.  Svenska  Yet-Akad. 
Handl.,  vol.  xvi  pt.  iv.  No.  1,  with  plate  (1890). 

IN  this  paper  Professor  Dames  discasses  associated  right  horoeras, 
ooracoidy  and  scapula,  apparently  of  a  bird,  obtained  by 
Professor  Lundgren  from  the  Upper  Senonian  of  Southern  Sweden. 
In  the  course  of  his  introductory  remarks  he  alludes  to  the  possible 
occurrence  of  a  gadoid  fish  in  the  same  formation — the  determina- 
tion being  apparently  based  upon  the  original  example  of  Dercetis 
limhamnensis  of  Davis.  A  detailed  description  of  the  bird-bones 
follows,  and  the  provisional  name  of  ScaniorniB  Ltmdgreni  is  pro- 
posed for  the  genus  and  species  they  represent  All  known  carinate 
birds  from  the  American  and  European  Cretaceous  and  Tertiaries 
are  successively  reviewed  in  comparison  ;  and  a  reference  to  recent 
skeletons  suggest^  that  the  new  extinct  Swedish  type  is  a  primitive 
wader.  '  A.  S.  W. 

n. — The    Geology   of    the    Long    Mountain,   on    the   Welsh 
BoBDEBS.    By  W.  W.  Watts,  M.A.,  F.G.S.^ 

THE  author  described  the  Silurian  succession  in  a  part  of  West 
Shropshire  and  East  Montgomeryshire. 

1.  May  Hill  grit,  sometimes  conglomeratic,  containing  one  nchly 
fossiliferous  band  of  limestone  at  Cefn,  Buttington,  This  is  traced 
from  Gefn  to  the  north  end  of  the  Breidden  Hills,  where  it  appears 
to  thin  out.  It  rests  unconformably  on  various  members  of  the  Bala 
group,  and  at  Gefn  a  small  dyke  of  diabase  is  intruded  along  the 
junction  line. 

2.  Purple  and  green  shales  with  very  rare  fossils,  chiefly  Ento- 
mostraca  and  small  Bracbiopods. 

8.  Wenlock  mudstones,  earthy  in  the  lower  part,  and  more  cal- 
careous above,  containing  Cyrtograptns  Linnarssoni,  Monograptus 
Flemingii,  Jill,  dubius,  and  M,  serra.  These  beds  appear  to  represent 
the  upper  part  of  the  Wenlock  shale  and  the  Wenlock  limestone. 

4.  Thin  muddy  shales  with  rare  flaggy  ribs,  containing  Mono* 
graptus  colonus,  M.  NiUsoni,  and  Cardiola  interrupta ;  these  are  the 
equivalent  of  the  Lower  Ludlow  beds. 

5.  Hard  thick  flags,  with  occasional  shales.  Monograptus  Leint- 
toardinensisy  M.  Saltoeyi,  M,  Boemeri,  the  equivalent  of  the  Aymestry 
limestone. 

6.  Thin  fissile  shales  almost  barren,  but  with  Cardiola.  These 
occupy  the  place  of  the  Upper  Ludlow  Bocks.  Above  these  beds 
comes  an  outlier  of  the  Passage-beds  with  Lingua  and  Entomostraca. 

The  structure  of  the  range  is  a  large  synoline  with  a  steep  dip  on 
the  north-west  side,  but  this  is  complicated  by  several  dip-  and 
strike-faults  and  one  or  two  small  synclines. 

The  author  acknowledged  the  great  help  rendered  by  Professor 
Lapworth  in  determining  the  Graptolites. 

^  Abstract  of  a  paper  read  at  the  British  Association  for  the  AdTanoement  of 
Science ;  Leeds,  September,  1890  ,*  Section  ^C)  Geology. 
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I. — NoBTH  American  Crikoidology. 

S.  A.  Miller. — Structure,  Classification,  and  Arranqement  of 
American  Paleozoic  Crinoids  into  Families.  Araer.  Geol. 
Vol.  vi.  No.  5,  pp.  275-286,  and  No.  6,  pp.  340-367.  Minnoa- 
polis,  Nov.  Deo.  1890. 

THAT  erudite  and  enthusiastic  writer  Mr.  Samuel  A.  Miller  of 
Cincinnati,  already  famous  through  his  *'  North  American 
Geology  and  PalaBontology,"  described  by  Prof.  John  Collett  as 
"  the  most  valuable  and  learned  work  on  Geology  and  Palsdontology 
ever  published,"  again  oompels  the  attention  of  the  scientific  world 
by  the  elaborate  article  before  us. 

Mr.  Miller  has  an  extensive  and  peculiar  acquaintance  with 
Crinoids,  i,e.  with  those  from  the  Palaaozoio  rocks  of  N.  America,  and 
has  proposed  a  large  number  of  generic  and  specific  names,  some  of 
which  will  probably  stand.  What  more  is  needed  ?  Indeed,  Mr. 
Miller  himself  ridicules  P.  Herbert  Carpenter  for  supposing  that  a 
knowledge  of  recent  forms  is  of  any  advantage  to  the  student  of 
fossils.  Besides  this,  Mr.  Miller's  specific  names  are  never  spelled 
with  a  capital  letter,^  and  they  can  all  be  translated  by  the  aid  of 
Andrews'  Latin  Lexicon.  But,  for  all  his  learning,  Mr.  Miller 
is  not  proud ;  he  modestly  writes  as  though  he  could  read  no  language 
except  his  own  and  English.  Mr.  Miller  has  too  that  rare  merit  in 
a  scientific  man — consistency :  he  never  (or  hardly  ever)  changes 
his  opinion,  and  consequently  has  earned  the  right  to  abuse  Wachs- 
muth  for  changing  his  with  the  progress  of  knowledge.  At  the 
same  time  it  must  not  be  supposed  that  the  classification  now  put 
forward  by  Mr.  Miller  is  the  same  as  that  adopted  in  his  '*  North 
American  Geology."  He  is  careful  to  explain  that  it  was  not  then 
his  object  **  to  write  an  original  treatise  on  any  one  branch."  We 
are  surprised,  for  that  classification  struck  us  as  one  of  the  most 
original  we  had  ever  seen. 

Discarding  the  puerile  speculations  of  recent  writers  as  wholly 
unsupported  by  fact,  Mr.  Miller  reverts  to  a  classification  according 
to  superficial  similarities  of  structure,  a  method  which,  with  the 
advantage  of  simplicity,  combines  the  sanction  of  antiquity.  He,  at 
least,  will  not  follow  the  vagaries  of  those  who  consider  a  certain 
character  of  family  value  in  one  place  and  of  barely  specific  import- 
ance in  another. 

Mr.  Miller  cannot  away  with  your  Morphologist ;  hence  he  has 
never  accepted  the  view  that  the  median  circlet  of  plates  in  the  cup 
of  a  dicyclic  Crinoid«i8  homologous  with  the  proximal  circlet  in  a 
monocyclic  Crinoid.  For  him  the  "  basal "  plates  are  always  those 
next  the  stem;  to  these  the  animal  was,  he  states,  attached  by 
ligament :  hence  these  plates  are  *'  the  most  important  in  classifica- 
tion of  any  of  the  plates  in  the  calyx."  The  difficulties  presented 
by  the  numerous  pseudo-monocyclic  forms  do  not  trouble  Mr.  Miller, 

i  Bxoept  when  a  patriotie  printer  insists  on  a  large  A  for  *'  Americanus." 
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for  he  does  not  undertake  to  deal  with  Crinoids  other  than  Palaeozoic, 
and,  as  for  these,  he  boldly  asserts  that  "  *  rudimentary  underbasals ' 
Gould  never  have  had  an  existence  in  any  of  them."  **  The  number 
of  basala  and  the  shape  of  the  basal  disk  are  of  the  first  importance  " 
in  classification ;  for,  as  Mr.  Miller  points  out,  the  number  gradually 
decreases  in  geological  time,  and  of  course  no  sound  thinker  could 
imagine  that  later  forms  arise  from  earlier  by  descent  with 
modification. 

•*  The  only  known  function  of  the  subradials  is  to  increase  the 
capacity  of  the  visceral  cavity,  .  .  .  .  in  some  genera  they  cover  half 
the  calyx,  ....  in  all  cases  they  materially  affect  the  form  and 
structure,  ....  where  ....  large  they  were  supported  by  liga- 
ments ....  or  by  denticulated  edges  ....  Therefore  [how 
subtle  is  this  logic!] — no  family  should  include  genera  having 
subradials  and  those  in  which  they  do  not  exist." 

"The  next  family  character  will  be  found  in  the  presence  or 
absence  of  regular  interradial  plates,"  while  the  last  lies  in  the 
structure  of  the  posterior  interradius. 

«*  The  structure  of  the  arras,"  Mr.  Miller  thinks,  "  is  never  of 
family  importance,  and  above  the  brachials  never  of  generic  impor- 
tance though  always  of  specific  value."  As  we  are  not  informed 
what  sense  Mr.  Miller  chooses  to  apply  to  the  term  "  brachials,"  we 
can  offer  no  opinion  on  this  point. 

We  have  not  space  to  give  a  synopsis  of  Mr.  Miller's  classification, 
but  a  few  of  the  most  noteworthy  changes  may  be  quoted  for  the 
delight  of  those  who  appreciate  common-sense.  Thus  : — the 
Symbathoorinidaa  are  ranged  alongside  the  CalceocrinidsB  :  the 
difficulty  of  separating  species  of  Forbesocrinus  from  those  of  Ichihyo- 
erinus  can  exist  no  longer  now  that  the  two  genera  are  placed  not 
only  in  different  families  but  in  separate  groups  ;  while  matters  are 
still  more  simplified  by  the  approximation  of  Ampheristocrinua  and 
Closteroerinus  to  the  **  lohthycrinoidsd."  Again,  forms  hitherto 
foolishly  placed  so  far  apart  as  JSucalyptocrinus,  Mariacrinus,  and 
XenoerinuSf  are  now  to  be  found  in  the  same  group  of  families.  In 
the  CyathocrinidsB  are  gathered  Bursaerinus,  Carahocrinus,  Graphio- 
erinus  and  others,  even  including  Cyatkocrinue. 

fiut  for  the  rest  of  this  exciting  and  amusing  article  we  must  refer 
our  readers  to  the  Christmas  number  of  the  **  American  Geologist " 
for  1890.  And  we  would  especially  recommend  its  perusal  to  our 
younger  readers ;  for  there  they  will  find  exemplified  a  lucidity  of 
exposition,  an  accuracy  of  argument,  and  a  courtesy  in  debate  that 
remind  one  of  the  Society  upon  the  Stanislaus,  though  from  the  Report 
of  that  body  even  Mr.  Miller  might  profit.  The  journals  in  which 
we  publish  may  be  "  conduits  of  ignorance  and  conceit."  We  are 
"illiterate,"  "reckless  of  symmetry,"  "  shallow  pretenders  "  "venting 
stupid  hypotheses  "  ;  in  our  "  unenlightened  affectation  "  we  make 
our  "  usually  poor  English  more  incomprehensible  "  by  quoting 
"  snatches  from  German  authors,"  we  give  full  references,  and  we 
never  have  more  than  30  misprints  in  18  pages  (Mr.  Miller  rises  to 
40).     Yes  1  we  are  all  this;  we  do  all  this  :  and  yet,  "overgrown" 
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with  ''ignoranoe,  asBumption,  and  conceit"  as  we  are,  we  humbly 
confess  that  on  this  side  the  Atlantic  we  have  never  produced  any- 
thing that  would,  for  sweet  reasonableness  and  smoothness  of 
persuasion,  stand  a  moment's  comparison  with  the  gentlemanly 
polemics  of  Mr.  S.  A.  Miller,  Cincinnati,  0. 


11. — Mb.  James  W.  Davis  on  Scandinavian  Crbtaokous  Fishes. 

"On  the  Fossil  Fish  of  the  Cbetaoeous  Formations  o» 
Scandinavia."  By  Jambs  W.  Davis,  F.G.S.,  F.L.S.  Trans. 
Eoy.  Dublin  Soc.  [2]  vol.  iv.  pp.  363-434:,  pis.  xxxviii.-xlvi. 
(November,  1890.) 

OF  all  extinct  fish-faunas,  that  of  the  Cretaceous  period  is  gradually 
becoming  the  best  known,  on  account  of  the  abundance  in 
which  remains  are  discovered  in  every  part  of  the  world.  A  large 
proportion  of  these  remains  are  too  imperfect  for  precise  determina- 
tion ;  but  they  suffice,  at  least,  to  make  known  the  geographical 
distribution  of  the  principal  types,  and  the  fossils  of  a  few  areas — 
e.g.  Britain,  Westphalia,  Syria,  Brazil,  and  Western  North  America 
— are  so  admirably  preserved  as  to  form  definitely  determined 
standards  for  comparison.  Mr.  Davis'  new  Memoir  is  the  latest 
contribution  to  the  subject,  and  comprises  a  beautifully  illustrated 
account  of  the  Upper  Cretaceous  Fishes  of  Southern  Sweden,  with 
its  adjacent  islands,  and  the  neighbouring  shore  of  Denmark. 

Apart  from  incidental  references,  the  Cretaceous  fish-fauna  of 
this  northern  region  has  hilherto  remained  quite  unknown,  and 
ichthyologists  are  much  indebted  to  the  Curators  and  Professors  of 
the  Scandinavian  Museums  and  Universities  for  entrusting  all  their 
collections  to  a  specialist  for  elucidation.  Mr.  Davis'  researches  are 
based  upon  materials  from  the  Swedish  State  Museum,  the  Swedish 
Geological  Survey,  and  the  Universities  of  Lund  and  Copenhagen. 
On  the  whole,  the  specimens  are  of  a  very  fragmentary  character, 
but  most  of  them  are  at  least  generically  determinable,  and  many 
appear  to  be  specifically  identical  with  well-known  forms  from 
Britain  and  other  areas.  The  great  interest  of  the  collection  consists 
in  the  fact,  that  while  it  is  in  part  derived  from  truly  Senonian 
horizons,  the  majority  of  the  specimens  were  obtained  from  the 
Danian  series.  Some  of  the  species,  therefore,  are  of  a  decidedly 
Tertiary  character.  Prof.  Bernard  Lundgren  supplies  important 
stratigraphical  information  which  is  tabulated  at  the  end  of  the 
memoir ;  and  from  this  table  may  be  perceived  at  a  glanoe  the  geo- 
graphical and  geological  range  of  the  thirty-four  species  described. 

Most  of  the  fossils  under  discussion,  as  might  naturally  be 
expected,  are  Elasmobranch  teeth;  and  the  author's  introductory 
remarks  deal  chiefly  with  the  classification  of  the  Cretaceous  Lam- 
nidsd.  While  adopting  to  a  large  extent  the  arrangement  formulated 
in  the  British  Museum  Catalogue  of  Fossil  Fishes,  Mr.  Davis  prefers 
to  revert  to  the  Agassizian  conception  of  Otodus  and  Odontaspis, 
and  is  uncertain  whether  any  ichthyologist  hitherto  has  philosophi- 
cally determined  the  limits  of  Carcharodon.  The  principal  difference 
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between  the  Catalogue  jast  cited  and  the  roemoir  now  before  ue 
consists  in  the  fact  that  the  former  attempte  to  treat  the  fossil  a  ai( 
remains  of  genera  and  species  of  Elastnobranchs,  while  the  latter 
deals  with  them  as  so  many  "  forms  "  of  detached  teeth,  which  can 
be  distinguished  and  thus  variously  named. 

Among  features  of  special  interest  relating  to  the  Elasmobranchs, 
may  be  noted  the  occurrence  in  the  Danian  of  typical  examples  of 
Piychodus  decurrens,  P.  mammiilaritf  Notidanus  mierodon,  Ofyrkina 
Mantelli,  and  the  so-called  Otodus  appendieulatus — all  well-known 
Cretaceous  forms.  With  these  are  found  an  undetermined  species 
of  Myliohaiis,  and  some  apparently  new  forms  of  Scapanorhynchus, 
Ozyrhina,  Lamna,  and  Scyllinm,  besides  a  large  imporfect  tooth  of 
Notidanus  indistinguinhable  from  JV.  dentattt$  of  the  New  Zealand 
Greensand.  An  OdontasptSt  both  from  the  Senonian  and  Danian.  is 
also  identified  with  a  New  Zealand  species  (0.  acuta) ;  but  we 
venture  to  think  that  this  is  the  well-known  European  Danian 
species,  0.  Bronni,  to  which  the  author  makes  no  reference.  I'he 
so-called  Odantaspis  acntissima  and  O.faxensis  are  undoubtedly  teeth 
of  Synechodngf  as  proved  by  the  form  of  the  root ;  and,  as  remarked 
by  the  author  himself,  there  is  much  doubt  about  the  generic  deter- 
mination of  the  beautiful  new  teeth  described  as  Oxyrhina  Lundgreni, 
Though  often  recorded  from  the  Cretaceous,  it  is  still  very  uncertain 
whether  the  typically  Tertiary  species,  Odontaspis  elegans,  ranges 
so  far  downwards,  and  the  smooth  teeth  assigned  to  this  form  by 
Mr.  Davis  are  far  from  conforming  to  Agassiz'  original  definition ; 
but  the  occurrence  of  a  tooth  indistinguishable  from  the  so-called 
Otodus  ohliqutis  in  the  Upper  Senonian  of  Rugaard  is  a  fact  of  great 
interest  A  portion  of  a  tooth  of  Carehnrodon  from  the  Danian 
of  Faxoe  is  even  identical  in  character  with  the  teeth  of  the  existing 
C.  RondeJeti,  but  this  scarcely  suffices  for  certain  determination. 

Some  Chimeeroid  teeth  from  the  Senonian  appear  to  pertain  to  the 
widely  distributed  species,  first  described  from  Switzerland  as 
Inehyodus  Tkurmanni  and  afterwards  re-described  in  Britain  under 
the  name  of  Isehyodus  hrevirostris.  JSdaphodon,  however,  remains 
unknown,  and  there  are  no  traces  of  Elasmodus. 

Of  Pycnodonts,  there  occur  only  teeth  which  are  referred  with 
much  probability  to  Coelodus  suhclavntus ;  and  of  Teleosteans  there  is 
only  evidence  of  about  six  genera.  Of  the  latter,  the  finest  specimens 
pertain  to  Hoplopieryx  and  to  a  new  deep-bodied  physoclystous  fish, 
which  receives  the  name  of  Bathysoma  Lntkeni,  Berycopsis  and 
Dereetis  also  seem  to  be  represented  ;  another  fossil  is  provisionally 
named  Ctupea  Lundgreni ;  and  some  specifically  indeterminable 
teeth  of  JEnchodus  are  recorded.  With  regard  to  Enchodus  we  would 
remark  that  the  author  does  not  seem  to  have  studied  the  most  recent 
discoveries,  and  thus  assigns  the  genus  still  to  the  family  TrichiuridsB. 
Here  is  also  placed  Bathysoma,  though  a  critic  noting  the  fact  will 
perhaps  be  answered  again  in  the  words  of  the  foot-note  on  p.  369, 
that  the  arrangement  is  due  to  "  the  omission  of  a  line."  Bathysoma, 
indeed,  is  one  of  the  most  remarkable  Cretaceous  fishes  hitherto 
discovered,  and  we  only  regret  that  a  more  satisfactory  determination 
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of  its  afSnitiea  has  not  been  attained.  So  far  as  the  terms  of  the 
''  generic  definition  "  are  ooneemed,  the  name  will  apply  equally 
well  to  a  sole  or  a  son-fish ;  but  the  fine  figures  and  detailed  descrip- 
tion of  the  fossils  help  to  compensate  for  the  insufficiency  of  the 
diagnosis. 

The  memoir  as  a  whole  makes  an  important  advance  in  our  know- 
ledge of  the  Upper  Cretaceous  Fishes  of  Western  Europe,  and 
ichthyologists  are  much  indebted  to  the  author  for  providing  so 
many  new  facts  that  will  assist  in  future  generalizations. 

A.  S.  W. 

ITT. — Dr.  E.  Fabrini  on  Maohjebodus. 
MAGHiBBODirs  (Meganthjebson)  del  Yaldabno  Suprbiorb,  Mehoria. 
DEL    DoTT.    Emilio    Fabrimi.      (Boll.    B.    C!om.    Geol.    1890, 
Nos.  3-6,  pp.  43,  pis.  3.) 

THE  present  Memoir  is  another  of  the  series  intended  to  illustrate 
the  extinct  Mammalian  fauna  of  Italy,  reference  to  which  has 
already  been  made  in  our  issue  of  last  month. 

The  author  describes  in  full  detail,  with  excellent  illustrations, 
all  the  more  important  remains  of  Sabre-toothed  Tigers  {Mikckarodut) 
from  the  Pliocene  of  the  Yal  d*Amo  preserved  in  the  Italian 
Museums.  He  concludes  that  two  species  have  hitherto  been 
confused  together  under  the  name  of  JIf.  ctdtridenB,  In  that  species 
the  upper  canine  teeth  of  the  male  are  long  and  narrow,  and  have 
no  serrations  on  their  trenchant  edges ;  and  it  is  believed  that  the 
smaller  skulls  and  jaws  which  have  been  regarded  as  repi'esenting 
a  distinct  species — M,  meganlhereon — are  really  referable  to  females 
of  M.  cuUridens.  A  second  new  species  designated  If.  crenaiidena 
is  distinguished  by  the  shorter  and  wider  canine  teeth  of  the  males, 
in  which  both  the  front  and  hind  edges  are  strongly  serrated.  In 
accordance  with  the  contour  of  the  canine  the  hollow  in  the  flange 
of  the  lower  jaw,  against  which  they  are  applied,  is  likewise 
unusual.  It  is  considered  that  the  lower  jaw  from  the  Norfolk 
Forest-bed,  described  by  the  late  Mr.  Backhouse  in  the  Geological 
Society's  Journal,  is  referable  to  this  form,  whereby  a  new  species 
is  added  to  the  British  Fauna. 

A  second  new  species,  which  it  is  proposed  to  designate  JIf. 
nestianus,  is  characterized  by  the  upper  canine  teeth  carrying 
serrations  only  on  their  hinder  edges;  and  likewise  by  the  long 
gap  separating  the  third  and  fourth  premolars  in  the  lower  jaws. 
It  is  suggested  that  it  may  be  advisable  to  regard  this  species  as  the 
type  of  a  new  genus,  in  which  case  the  name  Homotherium  might  be 
adopted.  B.  L. 

IV. — Sub  la  nature  VioiTALE  db  l'Aachenosaurus  multidens, 
G.  Smets.  Par  Dr.  Maurice  Hovelacque.  (Mem.  Soc.  Beige 
de  Geol.  iv.  (1890)  p.  69  et  teq.) 

THE  "wooden  Dinosaur" — as  the  so-called  Aachmosaurus  tnultidena 
has  not  inaptly  been  teiined  on  this  side  of  the  Channel — has  at 
length  received  its  covjf  de  grdce  at  the  hands  of  the  author  of  this 
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memoir.  The  vegetable  nature  of  the  fosBil  could  not  possibly  be 
disputed  by  any  one  who  examines  the  descriptions  and  figures  in  the 
text  with  the  accompanying  plate ;  or  who,  like  the  writer  of  this 
notice,  has  had  the  privilege  of  seeing  sections  of  the  "  bones  "  under 
the  microscope.  The  two  fragments  examined  by  Dr.  Hovelacque, 
viz.  the  so-called  ipine  dermique  and  mdehoire,  he  shows  to  belong  to 
two  different  families  of  plants,  and  they  now  receive  the  names  of 
AaehenaxyUm  and  Nieolia  Moremeti  respectively.  G.  F.  H. 

y. — La  Faunb  Tsbtiairs  Mabimv  de  Oakkt,  dv  Sausset  et  be 

COURONNE    (PRES     MARSEILLE).        FaOIES    DES    £tAOES    TERTIARE 

DANS  LA  Basse-Provenoe.     Par  M.  Paul  Gourret.  (Mem.  Soc. 
Beige  de  Geol,  iv.  (1890)  pp.  73-143,  with  four  plates.) 

THE  author  commences  by  giving  a  general  outline  of  the  Tertiary 
beds  of  Basse-Provence,  showing  that  the  Eocene,  Oligocene, 
Miocene  and  Pliocene  are  each  represented  in  that  district.  In  this 
memoir  he  gives  a  few  palasontological  details  fixing  the  horizons  of 
the  several  beds  and  roughly  correlating  them  with  the  Tertiary 
strata  of  adjacent  areas. 

The  second  part  enumerates  the  species  found  at  the  three  places 
mentioned  in  the  title  of  the  memoir,  and  under  the  heading  of  each 
of  these  species  are  placed  the  names  (where  necessary)  of  what  the 
author  considers  to  be  synonyms,  together  with  a  brief  account  of  its 
geologic  and  geographic  distribution,  with  occasional  critical  remarks. 
This  is  the  most  important  section  of  the  paper,  and  it  is  put  forward 
as  a  revision  of  the  whole  fauna  and  as  the  result  of  much  careful 
research.  In  all,  301  species  of  fossils  are  recorded,  which  are 
distributed  as  follows :  —  Pisces  8,  Crustacea  5,  Mollusca  247, 
(Grasteropoda  167,  Pelecypoda  90),  Polyzoa  6,  Brachiopoda  3, 
Echinodermata  13,  Coelenterata  19.  The  Fish  belong  to  the  genera 
Lamnaj  Myliohaies,  OxyrJUna  and  Spharodtts  (sic)  ;  whilst  the 
Crustacea  are  mainly  Balanu  The  Mollusca  naturally  claim  a 
large  share  of  attention,  and  it  may  be  remarked  that  in  dealing 
with  them,  the  author  does  not  adhere  to  certain  well-known  and 
generally  accepted  rules  of  nomenclature,  which  is  much  to  be 
regretted.  For  example,  when  the  generic  appellation  of  a  species 
is  changed,  he  inserts  the  name  of  the  individual  who  made  the 
alteration  after  the  specific,  instead  of  that  of  the  original  describer 
of  the  species.  The  science  of  Malacology  has  made  great  strides 
during  the  past  ten  years,  but  this  fact  has  not  been  sufficiently 
recognized  in  the  memoir  now  under  review.  It  would  be  tedious 
to  point  out  all  the  shortcomings  in  this  respect,  but  we  may 
mention  Fyrula  melongena,  Bast.,  which  should  be  Melongena 
comuta,  Ag. ;  Fyrula  bulbus,  Desh.  =  Sycum  hulbus,  Sol. ;  Buccinum 
haccatuniy  Bast.  =  Cyllenina  haccata,  Bast. ;  Bticdnum  reticulatnm^ 
Jjmn.  =Na88a  reticulata,  Linn.;  Valuta  rarispina,  Lam.  =  Fo/ti- 
tilithes  rarispinuSfham. ;  Ancillaria=zAnciUa;  Chenopus=zAporrhais, 
Again,  no  attempt  is  made  to  classify  the  larger  groups  —  the 
heterogeneous  assemblage  of  forms  which  were  included  under  such 
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genera  as  Pleurotomat  Faawi,  Buceinnmf  Bullae  Cerithiunif  Natiea, 
VenuSy  etc.,  during  the  first  decades  of  the  century,  are  still  classified 
OS  they  then  were,  in  the  lists  of  the  fossils  from  Marseilles  before 
ns.  The  synonyms  given  are  in  many  instances  inaccurate  also.  It 
may  be  said  that  the  second  section  of  the  memoir  is  useful  as 
giving  an  idea  of  the  richness  and  general  character  of  the  fauna  of 
the  Upper  Tertiary  beds  of  the  localities  mentioned,  and  at  any  rate 
it  is  something  to  have  a  complete  list  of  the  known  species,  even 
although  some  may  be  wrongly  determined  ;  but  the  whole  requires 
very  careful  revision  before  it  can  be  of  any  material  value  to  the 
systematist 

The  third  section  gives  the  distribution  in  detail  of  the  fossils 
found,  showing  their  vertical  and  horizontal  ranges,  and  this  is 
unquestionably  the  most  useful  portion  of  the  work.  The  four 
plates,  which  are  beautifully  executed,  re-figure  certain  characteristic 
MoUusoa  and  depict  five  new  species  which  are  described  in  the  text. 

G.  F.  H. 

VI.  — Cataloooe  op  Mknsbals  for  Sale.    By  Geo.  L.  English 
AND  Co.   8vo.   Philadelphia  and  New  York,  1890.    Price  25  cents. 

I^HIS  book  is  no  mere  dealer's  catalogue,  but  contains  a  large 
.  amount  of  useful  information,  concisely  arranged  for  ready 
reference.  A  brief  resume-  of  the  more  recently  described  minerals  is 
given,  followed  by  a  classification  and  list  of  all  known  ihinerals 
arranged  according  to  their  chemical  composition.  In  this  list  the 
crystallographic  systen^  and  the  general  formulsd  are  mentioned,  and 
the  whole  is  rendered  more  complete  by  a  good  index  at  the  end  of 
the  volume.  Several  figures  are  given,  including  eight  fine  crystals 
of  Beryllonite  from  Stoneham,  Maine. 
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L— December  17,  1890.— W.  H.  Hudleston,  Esq.,  F.R.S.,  Vice- 
President,  in  the  Chair. — The  following  communications  were  read  : 

1.  "  On  Nepheline  Rocks  in  Brazil.— II.  The  TinguaMass."  By 
0.  A.  Derby,  Esq.,  F.G.S. 

In  a  former  paper  the  general  distribution  of  the  nepheline  rocks, 
so  far  as  known,  was  given  with  a  particular  description  of  a  single 
one,  the  Serra  de  Pocos  de  Caldas.  The  present  paper  treats  of  a 
second  mass,  the  Sena  de  Tingua,  a  high  peak  of  the  Serra  do  Mar, 
some  forty  miles  from  Bio  de  Janeiro. 

The  peak  is  essentially  a  mass  of  foyaite  rising  to  an  elevation  of 
1600  metres,  on  the  crest  and  close  to  the  extremity  of  a  narrow 
gneiss  ridge  of  a  very  uniform  elevation  of  about  800  metres.  As 
seen  from  a  distance,  the  conical  outline  and  a  crater- like  valley  on 
one  side  are  very  suggestive  of  volcanic  topography.  In  the  structure 
of  the  mass  both  massive  and  fragmental  eruptives  are  found,  the 
former  greatly  predomiBating. 


Digitized  by  VjOOQIC' 


Gfeohgtcal  Society  of  London,  86 

The  predominant  rock  ib  a  coarse-grained  foyaite  which  is  found 
everywhere  in  loose  blocks  about  the  margins  of  the  mass,  but  not 
extending  beyond  it.  In  the  nnmeroas  cuttings  in  the  immediate 
Ticinity,  dykes  of  phonolite  and  basic  eruptives  (augitite)  are  ex- 
ceedingly abundant,  foyaite  never  appearing  in  a  dyke  form.  There 
is,  however,  abundant  evidence  that  foyaite  and  phonolite  are  but 
diiferent  phases  of  the  same  magma. 

Aside  from  the  dyke  phonolites,  true  effusive  phonolites  associated 
with  fragmental  eruptives  (tuffa)  were  found  high  up  in  the  crater- 
like valley,  proving  that  the  mass  was  a  volcanic  centre  in  the  most 
restricted  sense  of  the  word. 

This  conclusion  affords  an  explanation  of  some  of  the  peculiarities' 
of  the  foyaite,  which  has  many  characteristics  of  effusive  eruptives 
mingled  with  those  of  the  deep-seated  ones  (Teifengesieine),  These 
have,  aside  from  the  porphyritic  structure,  a  BcUieren  structure 
revealed  by  a  peculiar  fluted  weathering  (illustrated  by  a  photograph) 
and  the  presence  of  pseudo-crystals  in  the  form  of  leucite. 

Statigraphically  the  Tingua  foyaites  lie  in  sheet-like  masses  like 
lava-flows,  extending  from  the  higher  to  the  lower  portions  of  tlie 
mountain,  the  underlying  gneiss  being  revealed  at  nearly  all  levels, 
wherever  the  mass  has  been  scored  by  streams.  The  general  frag- 
mentary character  of  the  rock  seems  to  be  due  to  the  umdeiTnining  of 
these  sheets. 

Specimens  and  photographs  illustrating  the  peculiar  pseudo- 
crystals  in  the  form  of  leucite  that  occur  in  both  the  foyaites  and 
phonolites  of  Tingna  (although  no  leucite  has  been  detected  in  the 
rock)  were  exhibited  and  discussed. 

2.  "  The  Variolitic  Diabase  of  the  Fichtelgebirge."  By  J.  Walter 
Gregory,  F.G.S.,  of  the  British  Museum  (Natural  History). 

The  author  has  examined  the  variolitic  diabases  in  the  neighbour- 
hood of  Bemeck,  and  adduces  evidence  of  their  having  been  intruded 
into  the  Devonian  rocks  before  the  latter  were  affected  by  the  great 
earth-movements  which  have  folded  the  Palieozoic  rocks  of  the 
district.  He  finds  that  the  variolitic  structure  occurs  in  two  different 
arrangements :  (a)  on  the  surfaces  of  spheroidal  masses  of  compact 
diabase,  which  are  comparable  with  those  of  Mt.  Gen^vre;  (6)  as  a 
true  con  tact- product  on  the  selvage  of  the  diabase,  the  latter  being 
comparatively  rare,  and  the  varioles  less  perfectly  developed. 

He  gives  proofs  that  the  varioles  are  true  spherulites,  and  not 
fragments  of  Devonian  rocks,  as  supposed  by  von  Giimbel.  He 
argues  that  though  they  are  the  product  of  rapid  cooling,  too  sudden 
a  solidification  of  the  diabase  may  prevent  their  formation,  and  tha^t 
for  a  similar  reason  the  amygdaloidal  is  less  variolitic  than  the 
compact  diabase,  the  loss  of  the  water  that  occupied  the  vehicles 
having  diminished  the  fluidity  of  the  rock.  Finally,  he  maintains 
that  the  **  pseudo-crystallites  "  are  rifts  and  fissures  due  to  contrac- 
tion, and  that  the  remarkable  optical  properties  described  by  Michel - 
Levy  are  due  to  the  filling- up  of  cracks  by  felspathic  matter  deposited 
in  optical  continuity  with  the  crystalline  fibres  on  each  side. 


Digitized  by  VjOOQIC 


86  Reports  and  Proceedings — 

IL— January,  7,  1891.— A.  Geikie,  LL.D.,  P.R.S.,  PreBident,  in 
the  Chair. — ^The  following  oommunioatioiis  were  read : — 

1.  "  On  the  North-west  Region  of  Chamwood  Forest,  with  other 
Notes."  By  the  Rev.  B.  Hill,  M.A.,  F.G.S.,  and  Prof.  T.  G.  Bonney, 
D.So.,  LL.D.,  F.R.S.,  V.P.G.S. 

The  paper  contains  the  results  of  a  re-examination  of  the  North- 
west Region,  when  the  authors  had  the  advantage  of  using  the 
Six-inch  Ordnanoe-map,  published  since  the  completion  of  their 
former  work.  In  this  they  had  expressed  the  opinion  that  the  rock 
of  Peldar  Tor  and  that  of  High  Shai-pley  were  somewhat  altered 
pyroclastics,  being  much  influenced  by  the  non-igneous  origin  asserted 
for  the  *'  porphyroids"  of  the  Ardennes.  But  in  1882  one  of  them 
had  visited  this  region,  and  was  then  convinced  that  the  porphyroids, 
which  closely  resembled  the  rook  at  Sharpley,  were  felstones  which 
had  been  rendered  schistose  by  subsequent  pressure.  The  result  of 
their  subsequent  work  in  Chamwood  has  convinced  the  authors  that 
the  rocks  of  Sharpley  and  of  Peldar  Tor  are  in  the  main  of  a  like 
origin  and  history.  The  mass  of  Bardon  Hill,  where  the  quarries 
have  been  much  enlarged,  has  also  been  studied,  and  some  details  in 
the  section  formerly  published  have  been  corrected.  The  schistose 
bands,  on  which  the  authors  relied  as  marking  horizons  for  strati- 
graphical  purposes,  prove  to  be  zones  of  exceptional  crush.  The 
occurrence  of  a  rock  exactly  resembling  that  of  Peldar  Tor  is  fully 
established.  It  is  extremely  difficult  to  decide  upon  the  true  nature 
of  the  rooks  which  are  chiefly  worked  in  the  pit,  but  the  authors 
remain  of  opinion  that  for  most  of  them  a  pyroclastic  origin  is  the 
more  probable. 

Some  notes  are  added  upon  the  relations  of  the  holocrystalline 
igneous  and  the  sedimentary  rocks  of  the  Forest,  upon  the  Black- 
brook  group,  and  upon  the  fragments  and  pebbles  in  certain  of  the 
coarser  ashy  deposits.  Some  remarks  are  made  upon  the  glacial 
phenomena  exhibited  in  the  Forest-region ;  these  indicate  that  this 
cannot  have  been  overridden  by  a  great  northern  ice-sheet  and  it 
does  not  afford  the  usual  signs  of  the  action  of  local  glaciers.  At  the 
same  time  it  has  been  a  centre  of  dispersion  for  erratics,  especially 
towards  the  south  and  south-west,  these  being  found  sometimes  more 
than  twenty  miles  away.  Hence,  in  the  opinion  of  the  authors,  the 
erratics  have  been  distributed  by  floating-ioe  during  an  epoch  of 
general  submergence.  Some  minor  ''Corrigenda"  in  the  earlier 
papers  are  noted,  with  certain  changes  in  the  names  of  localities, 
bringing  them  into  harmony  with  the  Six-inch  map. 

2.  -'Note  on  a  Contact-Structure  in  the  Syenite  of  Bradgate 
Park."   By  Prof.  T.  G.  Bonney,  D.Sc.,  LL.D.,  F.R.S.,  V.P.G.S. 

The  author  described  a  specimen,  obtained  at  Bradgate  Park, 
showing  a  junction  of  the  syenite  and  slaty  rock  of  Chamwood. 
The  latter  rock  is  very  slightly  altered;  the  former  exhibits  a 
number  of  grains  of  felupar  and  quartz  set  in  a  matrix  which  has 
now  a  "  trachytic,"  now  a  devitrified  structure.  He  traced  the 
former  into  the  '' micrographic  *'  structure  observed  generally  in 
these  syenites,  and  discussed  its  significance.    His  study  of  these 
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structares  in  this  and  many  other  iostanoes  led  him  to  infer 
that  they  generally  indicated  that  the  rook,  at  a  late  stage,  had 
consisted  of  a  mixtare  of  previously  formed  crystalline  grains 
and  a  viscous  magma,  that  the  temperature  of  the  mass  has  been 
comparatively  low,  that  it  had  cooled  rather  gradually,  and  that  the 
oondition  of  the  magma— i.e.  one  of  very  imperfect  fluidity — ^had 
not  permitted  of  free  molecular  movements  among  its  constituents. 
Thus  this  structure,  together  with  certain  others  mentioned,  might 
be  regarded  as  indicative  of  "  crystallizntion  under  constraint." 

3.  **0n  the  Unconformities  between  the  Rock-Systems  under- 
lying the  Cambrian  Quartzite  in  Shropshire."  By  Charles  Callaway, 
D.Sa,F.aS. 

L  Review  of  the  JShidencefor  the  respective  Agee  of  the  Uriconian 

and  Malvernian  Bocks, 
The  author  criticizes  the  conclusions  arrived  at  by  Prof.  Blake 
(Q.J.G.S.  1890,  p.  386),  and  adduces  evidence  to  show  :— 

(1)  That  the  felsites  regarded  by  himself  as  ArchsBan  have  not 
been  shown  to  be  intrusive  in  Longmynd  Rooks. 

(2)  That  it  has  not  been  proved  that  the  Longmynd  Series  is 
divisible  into  two  groups,  separated  by  an  unconformity ;  and  that, 
therefore,  the  evidence  from  included  fragments  remains  unaffected. 

(3)  That  the  conglomerates  and  grits  associated  with  the  Uri- 
conian are  an  intemtl  part  of  that  system,  and  are  not  of  Cambrian 
age;  and  that  the  granitic  and  metamorphic  land -masses  from 
which  so  many  of  the  fragments  in  the  conglomerates  are  derived 
are  ooneequently  of  pre- Uriconian  age. 

(4)  That  the  granitic  rocks  of  Shropshire  are  not  intrusive  in  the 
Uriconian. 

II.  The  Relation  between  the  Uriconian  and  the  Zongmyndian, 
Pending  the  publication  of  Prof.  Lapworth's  researches  upon  the 
fauna  of  Uie  Holly  bush  Sandstone,  the  author  regards  it  as  hardly 
wise  to  assign  positively  a  pre-Cambrian  age  to  the  Longmyndian 
system. 

In  favour  of  an  actual  break  between  the  Uriconian  and  Long- 
myndian  rocks,  he  gives  details  showing  the  general  discordance  of 
strike  between  the  two  groups ;  the  locally  concordant  strikes  are 
seen  along  a  line  of  fault.  Furthermore,  as  the  junction  between 
the  two  groups  is  faulted,  this,  whilst  of  course  not  proving  an 
unconformity,  renders  incredible  the  hypothesis  of  conformity  and 
igneous  intrusion  along  the  line  of  junction.  Again,  the  conditions 
of  deposit  were  different :  the  Uriconian  is  essentially  a  volcanic 
formation,  whilst  the  Longmyndian  rooks  are  characterized  by  their 
even  sedimentation,  and  the  author  maintains  that  such  a  change  of 
conditions  must  indicate  a  break  in  time,  though  the  unconformity 
need  not  necessarily  be  very  great. 

Lastly,  the  occurrence  of  fragments  of  Malvernian  granites  and 
schists  (formed  at  great  depths)  in  the  Uriconian  Conglomerates 
indicates  the  existence  of  an  unconformity  between  the  holocrystal- 
line  and  volcanic  systems. 


Digitized  by  VjOOQIC 


88     Correspondence — Dr.  Gerhard  Holm — Mr.  H.  W.  Monckton. 


**  STEM-OSSICLES "  OF  CRINOIDEA,  IN  THE  LEPT^NA-KALK 
(UPPER  ORDOVICIAN)  DALECARLIA,  SWEDEN. 
SiB, — A  reviewer  (F.A.B.)  of  my  notioe  "Om  forekom«fen  af  en 
Caryocrinus  i  Sverige  **  has  said  in  the  Gkological  Magazine, 
December,  1890,  p.  670:  "The  rock  is  filled  with  stem-ossicles 
which  Dr.  Holm,  after  the  curious  custom  of  collectors,  thinks  it 
necessary  to  ascribe  to  Crinoidea."  What  F  regard  as  stems  of  at 
least  two  species  of  Crinoids,  the  reviewer  says  are  stems  of  Cystidea 
^without  his  having  seen  a  single  one  of  them.  But  the  real  fact  is 
that  these  stems  in  consequence  of  their  structure  must  have 
belonged  to  Crinoids.  One  of  the  supposed  species  has  left  frag- 
ments of  stems  45  mm.  in  length  by  16  mm.  in  breadth.  These 
show  the  starting-points  where  strong  cirrhi  originated,  and  ns 
far  as  known  cirrhi  have  not  been  found  in  the  Cystidea.  I'hick 
and  expanded  rootlets  of  Crinoids  are  also  not  rare.  To  this  must 
be  added,  that  all  known  Cystidea  from  this  same  locality,  with 
the  exception  of  Caryocrinus  eft  omaius,  Say,  are  devoid  of  a  stem. 
According  to  Angelin  the  genera  Sphceronis,  Eveystis  and  Caryoeysiis 
are  sessile,  having  the  basis  of  the  perisoroe  itself  directly  affixed  to 
foreign  bodies  without  tlie  mediation  of  a  stem,  and  several  of  the 
specimens  observed  by  me  of  Spharonis  oblonga,  Aug.,  and  Eucy^tis 
•p.,  either  show  the  surface  by  which  they  were  attached,  or  are 
even  yet  affixed  to  Bryozoans  or  other  marine  Silurian  fossils.  Of 
Caryocy^tis  I  have  seen  only  a  single  specimen,  and  this  does  not 
show  the  basis  of  the  perisome  clearly.  A  species  of  Ett/^stia  ia 
numerically  by  far  the  most  predominant  form.  This  is  the  cause 
why  I  have,  with  full  intention,  referred  the  stems  to  Crinoids. 

Stockholm,  Gkkhakd  Holm. 

16M  January y  1891.  vi***i.aj«/  uvxijn. 

THE  DENUDATION  AND  ELEVATION  OF  THE  WEALD. 

Sib, — In  the  December  Number  of  the  Geological  Magazine, 
Dr.  Irving  states  that  in  my  sketch  in  the  September  Number 
I  reproduced  partly  some  arg:uments  which  he  put  before  the 
Geological  Society  in  June  (May  21st,  1890?),  and  published  in 
the  September  Number  of  the  Gbolooioal  Magazine.  I  applied  to 
Dr.  Irving  for  particulars,  and  he  informed  me  *<  that  the  ai^ument 
from  the  raised  beaches  and  the  reference  to  the  crag  at  Lenham 
were  the  points  referred  to." 

Now,  Sir,  as  to  the  argument  from  the  raised  beaches,  mine  is 
quite  a  different  argument  from  that  used  by  Dr.  Irving.  I  use  it 
in  the  course  of  a  criticism  on  Sir  A.  Hamsay's  diagram  (Geol.  and 
Geog.  of  Gt.  Brit  1878,  p.  348,  fig.  73)  as  a  local  and  recent 
example  of  elevation  turning  a  horizontal  beach-line  into  a  curve. 
Dr.  Irving  omits  the  fall  to  the  west,  and  uses  it  to  prove  western 
elevation  of  the  Wealden  area. 

As  to  the  Lenham  beds,. I  have  the  right  to  refer  to  them  without 
obtaining  leave. 
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I  do  not  lay  claim  to  any  great  originality  for  my  little  sketob, 
but,  in  fact,  I  did  not  derive  my  ideas  from  Dr.  Irving's  paper. 

3,  Pump  Court,  Tbmplb,  E.G.  Horace  W.  Monokton. 


REPLY  TO  ME.  A.  SOMERVAIL. 


Sir, — I  owe  an  apology  to  Mr.  Somervail  for  plucking  a  leaf 
from  his  coronet  of  laorele.  It  is  the  simple  truth  that  the  paper 
which  he  cites  had  not  in  any  way  impressed  itself  on  my  mind, 
and  thas  (as  the  index  for  the  last  volume  was  not  then  published) 
escaped  recollection.  While  making  this  atonement,  I  will  take 
the  opportunity  of  explaining  to  him  why  I  use  that  plainness  of 
speech  to  which  he  evidently  -objects.  If  he  is  right  in  his  principal 
hypothesis  about  the  rocks  of  the  Licard,  I  am  so  hopelessly  wrong 
thnt  I  must  begin  my  petrologtcal  studies  de  novo.  The  one  or  the 
other  of  us,  so  to  say,  is  ignorant  of  the  very  grammar  of  the 
language.  Now,  as  it  happens,  I  have  given,  for  nearly  twenty 
years,  more  attention  to  petrology  than  to  any  other  branch  of 
geology ;  twice  or  thrice  every  year  I  have  visited  districts  which 
were  known  to  be  instructive,  making  often  long  journeys  in  order 
to  study  some  critical  question.  I  hsLve  examined  many  of  the 
most  interesting  localities  on  the  Continent  of  Europe,  a  few  also 
in  Canada.  I  have  formed  a  very  large  collection  of  rock  specimens 
and  microscopic  slides,  to  the  study  of  which  I  have  devoted  such 
leisure  as  I  can  command.  Now  in  Mr.  Somervail's  writings  no 
evidence  appears  of  either  wide  experience  or  knowledge  of  the 
microscope,  both  of  wbich  are  necessary  for  theorizing  on  difficult 
problems  in  petrology ;  indeed,  of  the  latter,  not  so  long  since,  he 
admitted  his  ignorance.  Of  course  I  know  that  many  of  these 
problems  are  yet  unsolved;  I  make  no  claim  to  infallibility;  I  am 
well  aware  that  notwithstanding  all  my  pains  I  have  not  escaped 
tlie  fate  of  workers  in  a  progressive  science,  and  have  to  modify  or 
even  abandon  conclusions  which  at  one  time  seemed  most  accordant 
with  facts,  but  sonve  of  Mr.  Somervail's  hypotheses  appear  to  me 
irreconcilable  with  facts  and  inductions  which,  not  only  I,  but  also 
petrologists  of  greater  repute,  accept  almost  as  axioms.  To  me  be 
appears  to  occupy  the  position  in  which  I  should  have  placed  myself 
had  I  signalized  my  entrance  in  the  ''fifth  form"  at  school  by 
publishing  ''  adversaria  "  on  a  trilogy  of  ^schy lus. 

T.  G.  Bonnet. 


DYNAMO-METAMORPHISM. 
Sib, — M.  Spring*s  valuable  experiments  have  had  a  very  stimulat- 
ing effect  on  many  minds;  so  much  so  that  his  experiments  are 
sometimes  quoted  in  proof  of  positions  very  much  in  advance  of 
those  taken  by  M.  Spring  himself.  Thus  Mr.  Barker  in  his  letter 
on  the  subject  of  dynamo-metamorphism  in  your  last  issue,  after 
remarking  that  "the  practical  verification"  of  "the  direct  correla- 
tion of  mechanical  and  chemical  enprgy  "  **  rests  on  such  experiments 
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as  those  of  Cailletet,  Pfaff  and  Spring,"  refers  to  one  of  the  experi- 
ments  of  the  latter  in  the  course  of  which  sulphur  and  copper  filings 
subjected  to  a  pressure  of  5000  atmospheres  were  converted  into 
crystallized  copper  sulphide.  Mr.  Barker  comments  on  this  as 
follows : — "  So  much  of  the  mechanically  •developed  energy  as  takes 
the  form  of  heat  is  carefully  removed ;  but  chemical  combination 
still  takes  place.  It  follows  that  the  energy  absorbed  in  this  com- 
bination  comes  directly  from  the  mechanical  work  done»  without 
the  intervention  of  heat" 

I  have  no  desire  to  intei*pose  in  the  controversy  between  Mr. 
Barker  and  Dr.  Irving,  but,  without  doing  this,  I  may  point  out 
that  the  explanation  offered  by  Mr.  Barker  does  not  appear  to  be 
in  accord  with  that  offered  by  M.  Spring  himself. 

In  the  American  Joum.  Science,  xxxvi.  (1888)  pp.  286-289,  Spring 
remarks  regarding  his  "  researches  on  the  compression  of  powders," 
''To  my  mind  pressure  was  not  an  active  agent  in  the  matter;  bat 
only  the  means  to  the  end,  and  I  looked  for  the  effects  to  contact 
alone.  ...  In  another  place  [Bull.  Soc.  Chemique,  1884],  I  said 
with  regard  to  chemical  action  produced  by  my  experiments — 
'  one  must  not  lose  sight  of  the  fact  that  pressure  is  not  a  chemical 
agent  to  the  same  extent  as  heat  or  electricity.'  But  as  I  have 
always  thought  that  contact  was  brought  about  by  compression, 
I  have  often,  for  the  sake  of  brevity,  spoken  of  'welding  due  to 
pressure,'  instead  of  always  saying  welding  due  to  contaokproduced 
by  compression.  I  now  see  that  I  was  unwise  in  thus  wishing  to 
economise  my  time.  Besides,  as  conclusive  proof  that  it  is  always 
to  contact  that  I  assigned  welding  phenomena,  chemical  reactions, 
and  also  in  part  the  diffusion  of  solids,  there  is  the  fact  that  I  deemed 
it  necessary  to  operate  in  vacuo,  on  account  of  the  failures  in  pre- 
liminary experiments  made  under  the  ordinary  conditions ;"  and  M. 
Spring  goes  on  to  explain  that  when  he  did  not  operate  in  vacuo  the 
presence  of  air  between  the  particles  hindered  intimate  contact 
between  them  and  thus  prevented  chemical  action,  pressure  not- 
withstanding. 

In  a  previous  communication  to  the  American  Journ.  Science 
(vol.  XXXV.  1888,  p.  78)  Mr.  Spring  wrote:  "Since  then  [1880] 
new  experiment«,  still  in  part  unpublieheil,  have  made  me  recognize 
the  importance  of  the  part  that  a  certain  degree  of  temperature  plays 
in  these  phenomena,  so  that  for  the  solid  state,  as  well  as  for  the 
gaseous  one,  a  critical  temperature  would  be  remarked,  above  or 
below  which  the  changes  of  simple  pressure  would  be  no  longer 
possible." 

Spring,  therefore,  in  the  conclusions  an*ived  at  as  recently  as  the 
close  of  1888,  attributes  the  chemical  action  set  up  in  his  experiments 
to  contact  plus  a  certain  degree  of  temperature.  Pressure  is  merely 
the  matrimonial  agent,  so  to  speak,  that  brings  the  highly  susceptible 
particles  together ;  but  it  is  to  contact  plus  heat  that,  according  to 
Spring,  the  chemical  action  is  due. 

0.  A.  MoMahon. 

20,  Nbvebn  SauABB,  12M  /an.  1891. 
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FUNNEL-HOLES  ON  LEBANON. 

Sir, — The  nmerous  fannel-holes  upon  the  tops  of  the  Lebanon  and 
Anti-Lebanon  Mountains  afford  striking  examples  of  the  power  of 
solution  and  chemioal  disintegration  un supplemented  by  the  action  of 
torrents.  My  attention  was  directed  to  these  holes  last  spring  by 
Dr.  Wm.  T.  Van  Dyck,  of  Beirut,  who  also  su^ested  a  theory  for 
their  formation.  A  summer  journey,  which  took  me  to  the  tops  of 
nearly  all  the  mountains  of  Lebanon  and  Anti-Lebanon  as  well 
as  to  Mount  Hermon  and  the  Anseireh  Mountains,  gave  me  an  un- 
usually good  opportunity  to  observe  these  phenomena  and  enabled 
me  to  verify  and  somewhat  amplify  the  idea  suggested  by  Dr.  Van 
Dyck. 

The  higher  portions  of  the  mountains  visited  were  from  6000  to 
10,500  feet  above  the  sea-level.  Below  the  level  of  5000  feet  their 
sides  are  worn  by  running  water  into  very  rough  and  precipitous 
gorges.  Our  attention  was  quite  forcibly  called  to  this  feature  by 
the  great  difficulty  of  climbing  among  the  lower  slopes.  Above 
6000  feet  however  the  slopes  become  more  rounded  and  the  surface 
of  the  ground  more  smooth,  until  on  the  broad  summits  of  some  of 
the  highest  mountains  carriages  might  safely  be  driven.  This  is 
markedly  true  of  the  summit  plateau  of  the  most  lofty  of  all,  the 
Duhr-il-^^adib,  sometimes  called  the  Fem-il-Mezilb.  The  lower 
slopes  of  the  mountains  in  the  winter  and  early  spring  abound  with 
rushing  torrents,  but  in  the  long  summer  these  portions  are  perfectly 
dry,  except  in  those  rare  and  precious  spots  where  there  are  springs. 
Here,  consequently,  the  forces  of  disintegration  are  active  during  the 
winter  and  spring,  and  most  of  the  detritus  is  washed  away  at  once, 
leaving  the  rocks  rugged  and  bare. 

Different  conditions  are  found  in  the  upper  regions.  The  thawing 
of  the  snow  is  gradual,  so  that  probably  the  larger  portion  of  the 
water,  instead  of  running  off,  sinks  into  the  ground,  which  on  the 
heights  is  composed  of  a  thick  layer  of  more  or  less  finely  com- 
minuted chips  of  stone  over  the  solid  rocks  in  eitti.  Even  late  in  the 
summer  we  found  on  the  eastern  side  of  every  favourably  situated 
ridge  or  peak  a  large  mass  of  snow  sheltered  from  the  prevailing 
warm  west  wind^  and  melting  a  little  every  day  from  about  noon 
until  sunset  At  the  foot  of  every  such  mass  of  snow  was  a  funnel- 
shaped  hole  into  which  trickled  every  afternoon  a  tiny  stream  of 
water.  We  observed  also  many  other  such  holes  from  which  the 
snow  had  gone.  The  diameters  of  these  across  the  top  ranged  from 
a  few  feet  to  one  hundred  yards,  and  the  sides  usually  sloped  at 
angles  of  from  15^  to  40°  straight  to  a  point  at  the  bottom,  making 
inverted  and  irregular,  but  yet  complete  rather  than  truncated  cones. 
The  western  side  was  usually  the  steeper.  I  may  add  that  most  of 
these  holes  occur  in  a  compact  limestone  generally  considered  to 
belong  to  the  Middle  Cretaceous  period,  and  further,  that  the  strata 
can  be  traced  as  almost  perfectly  level  for  miles  along  the  sides  of 
these  summits. 

It  follows  then  that  the  principal  agency  in  the  formation  of  each 
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of  these  funnel-holes  mast  have  heen  the  chemical  and  solvent  actioa 
of  the  water  from  its  own  snowdrift,  aided  to  some  extent  by  the 
mechanical  work  of  the  frost  Alfbsd  Ely  Day. 

Syrian  Pbotbbtamt  Collvob,  Bbib6t. 


ELEVATION  AND  SUBSIDENCE  DURING  THE  GLACIAL  PERIOD. 
Sir, — In  reply  to  the  article  by  A.  J.  Jukes  Browne  (Geologioai. 
Magazins,  Deoember,  1890,  p.  561),  concerning  high  continental 
elevation  of  America  with  relation  to  the  Qlacial  period,  I  may 
refer  to  my  appendix  in  Prof.  G.  F.  Wright's  "  Ice  Age  in  North 
America,"  as  containing  a  review  of  evidences  of  subsidence  in  the 
West  Indies,  cited  in  that  article,  probably  contemporaneous  with 
the  elevation  and  glaciation  of  the  northern  part  of  North  America. 
It  was  pointed  ont  fifteen  years  ago  by  Dr.  Bicketts  (Geol.  Mag. 
Dec.  IL  Vol.  II.  1875,  pp.  573-580)  that  submergence  of  the 
Isthmus  of  Panama  may  have  been  an  important  element  in  the 
causes  of  the  Glacial  period  ;  and  at  about  the  same  time  the  collection 
by  Dr.  G.  A.  Maack  of  abundant  Pleistocene  fossils,  "  all  living  up 
to  the  present  time,"  in  the  vicinity  of  the  Panama  railroad,  and  at 
many  localities  southward  to  the  Atrato  river,  ranging  in  height 
up  to  at  least  763  feet,  while  the  lowest  points  of  the  interoceanio 
water-shed  are  less  than  300  feet  above  the  sea,  gave  proof  that 
parts  of  this  isthmus  have  been  thus  lately  submerged  (Reports  of 
Explorations  for  a  Ship  Canal,  Isthmus  of  Darien,  United  States 
Navy  Department,  Washington,  1874,  pp.  155-176). 

Nothing  is  more  surely  determined  than  the  record  of  the  Glacial 
period,  as  shown  by  glacial  drift  and  strifla  upon  North  America 
from  the  Atlantic  to  the  Pacific,  and  from  southern  Illinois  to  the 
Arctic  Sea,  and  upon  north-western  Europe  from  the  British  Isles 
to  Germany  and  Central  Russia,  and  northward  across  the  Scandi- 
navian peninsula.  Some  causes  must  have  existed  to  produce  the 
great  climatic  changes  of  this  period.  These  causes  seem  to  me  to 
have  been  probably  the  great  uplifts  of  the  glaciated  areas  of  which 
Professor  Spencer  has  cited  so  much  evidence,  and  the  contem- 
poraneous depression  of  the  region  of  the  West  Indies  and  Isthmua 
of  Panama,  by  which  a  part  of  the  equatorial  oceanic  current  that 
sweeps  northward  in  the  Gulf  Stream  would  be  permitted  to  pass 
into  the  Pacific  Ocean,  withdrawing  a  large  portion  of  its  heat 
from  the  North  Atlantic  area.  Correlative  northern  elevation  and 
southern  subsidence,  for  both  of  which  we  have  sufficient  proof, 
would  con  tribute  almost  equally  to  the  climatic  changes  of  the  loe 
age.  This  subject,  and  the  probably  contemporaneous  uplift  of  a 
belt  of  land  across  the  North  Atlantic  from  France  and  Great  Biitain 
to  the  Fseroe  Islands,  Iceland,  and  Greenland,  as  argued  by  Prof. 
James  Geikie  in  his  "  Prehistoric  Euix^pe,"  I  have  discussed  some- 
what full}'  in  the  American  Geologist  for  Deoember,  1890,  and  the 
American  Journal  of  Science  for  January,  1891,  in  the  endeavour  to 
ascertain  the  probable  causes  of  the  remarkable  Quaternary  changes 
of  climate.  Wabrbn  Upham. 

SoMB&viLLB,  Mass.,  January  6^A,  1891. 
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PHYSICAL  GEOLOGY  OP  THE  SUB-HIMALAYA. 

Sir,  —  May  I  be  permitted  a  few  remarks  in  reply  to  Mr. 
Medlicott's  review  of  my  memoir  in  this  Maqazimb  for  October,  1890  ? 
I  cannot  attempt  to  answer  objections  of  a  theoretical  nature,  or  of 
purely  local  interest  to  us  in  India ;  but  on  one  or  two  points  where 
I  think  Mr.  Medlicott  has  mistaken  my  words  or  my  meaning  I 
would  say  a  word  or  two.  With  regard  to  tbe  fault  at  Jirinjala  in 
my  horizontal  section  No.  V.,  which  Mr.  Medlicott  says  **  seems 
uncalled  for,"  I  must  plead  that  the  fault  is  nevertheless  there,  as 
plainly  visible  in  the  natural  sectione  exposed  as  in  my  drawn 
section.  It  is  not  a  fault  inserted  to  meet  a  theoretical  requirement 
The  firm  lines  in  all  my  sections  indicate  facts  (when  not  otherwise 
stated  in  tbe  text),  whilst  the  dotted  lines  alone  represent  inferential 
conditions  of  the  rocks.  The  large  seale,  four  inches  to  the  mile, 
maps  would  have  fully  satisfied  Mr.  Medlicott  on  this  point  had 
they  been  procurable.  In  speaking  of,  and  representing,  the  main 
boundary,  the  Nahan-Siwalik  boundary,  and  others,  as  faults,  I  hope 
I  have  not  "  ignored  their  primary  and  most  interesting  character  " 
(see  p.  118-123  of  my  memoir).  They  are  certainly  faults  now — 
sometimes  with  miles  of  throw  or  thrust  (see  p.  66)  ;  hence  to  lay 
them  down  on  the  map  as  natural  boundaries,  because  they  originally 
grew  out  of  such,  would  be  a  very  grave  error.  It  would  be  akin 
to  representing  the  lie  of  the  beds  as  horizontal,  for  the  reason  that 
they  were  originally  deposited  so.  In  addition  it  must  be  remembered 
that  the  present  faulted  boundaries  are  not  absolutely,  but  only 
approximately,  coincident  with  the  original  limits  of  deposition. 
In  some  cases,  as  at  Jirinjala,  the  original  boundary,  and  the  approxi« 
mately  coincident  faulted  boundary,  are  both  present,  and  need  a 
separate  and  distinct  method  of  representation. 

The  difference  between  section  VI.  and  section  IX.  with  regard 
to  the  position  of  the  Nummulitic  and  Tal  beds  on  the  subjacent 
rocks,  is  owing  to  the  thinning  out  of  the  Massive  Limestone,  or  to 
its  previous  erosion,  lliis  is  plainly  illustrated  in  the  map  accom- 
panying my  paper  on  the  "  Physical  Geology  of  W.  British 
Garhwal"  (Records  G.  S.  of  L  vol.  xx.  pt  1).  To  state,  as  Mr. 
Medlicott  has  done,  that  my  "  facts  in  favour  of  an  earlier  plication 
of  the  Himalayan  rocks  are  only  quotations  of  wholesale  differences 
of  strikes  in  that  region,"  is  to  simply  misquote  me,  as  the  first 
words  on  page  127  of  my  memoir  will  make  evident. 

In  criticising  Mr.  Mellard  Reade's  theory  of  mountain-formation, 
as  applied  to  the  Himalaya,  I  did  not  impute  blunders  to  Babbage 
and  Hersohel  '*  in  the  elements  of  science."  What  I  did  was  to  show 
that  Mr.  Beade's  application  of  the  Babbage- Herschel  theory  in  the 
case  of  great  sedimmtation  waft  unsound.  Again,  though  the  Babbage- 
Herschel  principle  may  involve  the  idea  of  a  "fluid  substratum," 
as  Mr.  Fisher's  theory  does,  the  same  is  not  true  of  Mr.  Keade's 
theory,  with  which  I  was  concerned.  The  latter  expressly  assumes 
the  earth  to  be  solid. 


0.   S.   MiDDLBMISS. 


Abbottabad,  Pakjab,  I2fh  DeMmber,  1890. 
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DYNAMIC    METAMOBPHISM. 

Sni, — All  that  is  oontained  in  the  letters  of  Mr.  Fisher  and  Mr. 
Barker  in  the  January  Number  of  the  Geolooioal  Magazine  can 
be,  I  think,  fully  and  completely  answered,  though  not  within  the 
space  of  a  short  letter.  All  that  Mr.  Fisher's  high  ''authority"  has 
put  forward  is  very  well  known  to  students  of  chemistry,  and  was 
before  my  own  mind,  when  I  wrote  my  previous  letter.  I  will  only 
here  repeat  my  former  statement  (attaching  now  to  the  phrase  the 
meaning  I  did  then)  that  ''chemical  combination  must  generate  heat." 

Wellington  Colleob,  Bbrxs^  A.  Ibvino. 

26th  Jan,  1890. 


nsdiisoEXiXij^isrEOTJS . 

Profrssob  Sir  Wahington  Smyth's  Suogessor. — The  Lord  Pre- 
sident of  the  Council  has  appointed  Dr.  C.  Le  Neve  Foster,  F.G.S., 
Inspector  of  Mines  under  the  Home  Office,  and  formerly  of  the 
Geological  Survey  of  England  and  Wales,  Professor  of  Mining  in 
the  Boyal  College  of  Science,  London,  with  which  the  Royal  School 
of  Mines  is  incorporated. 

The  Saiga  Antelope  in  Britain. — An  interesting  addition  to  the 
known  British  Pleistocene  Fauna  has  recently  been  made  by  the 
discovery  of  a  portion  of  the  skull  of  the  Saiga  Antelope  {Saiga 
tartarica,  Linn,  sp.)  in  the  Thames  Gravels  at  Twickenham,  near 
Richmond.  The  specimen  consists  of  the  well-preserved  calvarium 
with  both  horn-cores,  and  was  obtained  from  an  excavation  in 
Orleans  Road,  Twickenham,  by  Dr.  J.  R.  Leeson,  F.G.S.  It  was 
forwarded  to  the  British  Museum  for  determination,  and  the  interest 
of  the  discovery  was  recognized  by  Mr.  Smith  Woodward,  who 
exhibited  and  described  the  fossil  at  the  meeting  of  the  Zoological 
Society  on  November  4th,  1890.  A  good  figure  accompanies  the 
description  in  the  forthcoming  part  of  the  Proceedings  of  this  Society. 
The  occurrence  of  the  Saiga  Antelope  in  the  British  Pleistocene 
Fauna  has  long  been  anticipated,  characteristic  remains  of  the 
animal  being  well  known  from  the  caverns  of  France  and  Belgium ; 
but  Dr.  Leeson's  fine  specimen  affords  the  first  proof  of  its  range  bo 
far  to  the  North-west  of  Europe  as  the  present  Thames  Valley. 
This  unique  fossil,  we  understand,  will  be  placed  in  the  Twickenham 
Free  Library. 

Cav.  Abdte  Antonio  Stoppani. — It  is  with  deep  regret  we  have 
to  record  the  death  on  January  1st,  1891,  of  Professor  A.  Stoppani, 
who  held  the  chair  of  Geology  in  the  Royal  Superior  Technical 
Institute  in  Milan,  at  the  age  of  66  years.  Professor  Stoppani  was 
earnestly  occupied  in  promoting,  to  the  best  of  his  ability,  the  publi- 
cation of  a  fine  series  of  Memoirs  on  Palaeontology,  especially  on 
the  Mammalian  fauna  of  the  Italian  Tertiaries.  It  is  to  be  hoped 
that  his  successor  will  take  an  equal  interest  in  carrying  on  these 
important  labours  in  the  cause  of  science. 
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HENfiY    BOWMAN    BRADY, 

LL.D.,  F.R.8..  F.Q.8..  F.Z.8.,  F.C.8.,  ETC., 

Was  born  at  Gateshead,  Newoastle-on-Tyne,  Febraary  23rd,  1835, 
and  died  at  Bournemouth,  January  10th,  1891.  From  his  father, 
Mr.  Henry  Brady,  who  belonged  to  the  Society  of  Friends,  and  who 
was  a  surgeon  in  extensive  practice  for  fifty  years,  a  true  lover  of 
nature,  and  accomplished  botanist,  he  inherited  similar  tastes ;  and 
his  love  of  Natural  History,  carefully  nurtured  at  home  and  at  school, 
strengthened  with  his  years.  His  first  schoolmaster  was  Mr.  Storey, 
an  aident  naturalist,  and  Mr.  Thos.  Belt,  the  naturalist  of  Nicaragua, 
was  his  school- fellow.  Aft-er  an  apprenticeship  to  a  chemist  at 
Leeds,  he  studied  under  Dr.  Thomas  Richardson  (the  late  Professor 
Marreco  being  a  fellow-student)  in  the  laboratory  which  afterwards 
became  the  Chemical  Department  of  the  College  of  Physical  Science. 
After  passing  the  examinations  of  the  Pharmaceutical  Society,  he 
carried  on  the  business  of  manufacturing  and  pharmaceutical  chemist 
in  Moseley  Street,  Newcastle,  from  1855  to  1876,  when  he  was 
succeeded  by  his  friend  Mr.  N.  H.  Martin.  Mr.  Brady  was  Member 
of  the  Council  and  one  of  the  Examiners  of  the  Pharmaceutical 
Society.  He  was  the  originator  of  the  Pharmaceutical  Congress, 
and  its  President  in  1872-3 ;  and  he  contributed  valuable  papers  to 
the  Pharmaceutical  Journal. 

In  his  native  city  he  lectured  on  Botany  at  the  Durham  College ; 
and  he  was  actively  associated  with  the  eminent  naturalists — Alder, 
Albany  and  John  Hancock,  Howse,  Hewitson,  Wailes,  Norman, 
6.  S.  Brady  (his  brother),  Embleton,  and  others ;  and  communicated 
papers,  chiefly  on  recent  Foraminifera,  to  the  Natural  History  Society 
of  Northumberland  and  Durham  and  the  Tyneside  Field -Club. 
Other  papers  he  contributed  to  the  British  Association,  the  Royal 
Society,  Linnean  Society,  Royal  Microscopical  Society,  the  Annals 
and  Magazine  of  Natural  History,  the  Oeological  Society,  and  the 
Gkologioal  Magazine.  His  chief  work,  however,  has  been  the 
two  magnificent  quarto  volumes  of  the  "Challenger"  Report  on 
the  Foraminifera  collected  in  1873-6.  He  began  his  labour  of  love 
in  1878,  and  supplied  the  manuscript  for  814  pages  of  text,  and 
superintended  the  llo  excellent  plates,  in  1882-4^  This  most  pains« 
taking  and  conscientious  work  is  a  perfect  storehouse  of  facts  and 
philosophic  deductions,  and  is  the  highest  work  on  Foraminifera* 
His  accumulated  knowledge  of  these  organisms  and  their  extensive 
literature, — his  own  careful  researches  during  voyages  in  many 
parts  of  the  world, —  and  his  friendly  intercommunication  with 
naturalists  throughout  Europe — enriched  this  noble  work  with  very 
much  that  could  not  have  been  expected  from  any  other  naturalist. 

Among  his  researches  Mr.  Brady  frequently  dealt  with  Fossil 
Foraminifera,  and  thereby  did  good  service  to  Geology.     Joining 

'  The  foregoing  has  heen  for  the  most  part  derived  from  the  excellent  and  warm- 
hearted obituary  in  the  '*  Newcastle  Daily  Journal "  for  January  16,  1891. 
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Professor  W.  Kitchen  Parker  and  T.  "Rupert  Jones  in  carrying  on 
the  memoirs  on  the  Nomenclature  of  Foraminifera,  he  helped  in 
elucidating  many  Tertiary  species  from  Italy,  treated  of  by  Soldani, 
and  from  the  Paris  and  Vienna  Basins,  described  by  d'Orbigny  : 
Ann.  Mag.  Nat.  Hist.  1865-71.  With  Parker  and  Jones  he  also 
produced  a  "  Monograph  on  the  Foraminifera  of  the  Crag,"  Paleeonto- 
graphical  Society.  1866  (incomplete)  ;  and  a  Monograph  on  the 
Genus  Polymorphina  (including  fossil  forms),  Trans.  Linn.  Soc. 
vol.  xxvii.  1870.  With  Dr.  W.  B.  Carpenter  he  wrote  the  memoir 
on  Parkeria  and  Lofiusia,  Philos^  Trans.  1869.  The  most  important 
of  his  other  papers  on  Fossil  Foraminifera  are  the  following : — 
Foraminifera  of  the  Lias  of  Somerset,  Proo.  Somers.  Arch.  N.  H. 
Soc.  vol.  xiii.  1867. — Saceammina  Carteri,  Ann.  Mag.  N.  H.  March, 
1871;  Arehaodiscus  Karreri,  A.  M.  N.  H.  October,  1873;  and 
Nummulina  pristina,  A.  M.  N.  H.  March,  1874,  all  from  the 
Mountain-limestone. — ^Tertiary  and  Carboniferous  Foraminifera  from 
Sumatra,  Gkol.  Maq.  November,  1875. — Fueuiina  from  Bussia, 
A.  M.  N.  H.  November,  1876. — A  Miocene  Foraminifer  from  Jamaica, 
Ann.  Malao.  Soc.  Belg.  vol.  xi.  1876.— Chalk  (?)  from  the  New- 
Britain  Islands,  Geol.  Mack  December,  1877. — The  so-called 
"Soapstone"  of  Fiji,  Quart.  Joura.  Geol.  Soc.  vol.  xliv.  1888.  His 
Monograph  of  Carboniferous  and  Permian  Foraminifera  (Fusulina 
excepted),  published  by  the  Pale&ontographical  Society,  1876,  is  a 
standard  work  of  very  great  use  to  Paleeontologists.  Gathering 
together  and  revising  all  that  had  been  done  on  the  subject,  and 
giving  careful  descriptions  and  admirable  figures  of  many  forms 
not  previously  known,  this  handsome  Monograph  supplied  a  great 
want,  and  furnished  a  good  standpoint  for  observers  of  Palaeozoic 
Rhizopoda. 

Thus,  thanks  to  Mr.  H.  B.  Brady's  persistent  energy  and  hard 
work,  in  spite  of  poor  health  and  at  times  much  suffering,  students 
and  others  are  provided,  at  several  stages  of  the  geological  scale, 
with  trustworthy  data,  in  fossils  of  low  type  and  small  size,  but  of 
sufficiently  distinct  character,  for  guidance  in  speculating  as  to  the 
depth  and  extent  of  the  old  seas,  relative  abundance  of  life,  and 
evolution  of  organic  forms. 

Such  results  alone  were  deserving  of  great  praise ;  and  it  is  not 
surprising  that,  with  his  other  more  extensive  researches  on  recent 
Foraminifera,  Mr.  Brady  was  welcomed  as  a  Fellow  of  many 
Scientific  Societies,  and  in  1888  honoured  with  a  Degree  from  the 
old  University  of  Aberdeen.  In  the  same  year,  for  the  liberal  and 
personal  aid  given  by  him  to  the  Imperial  Museum  at  Vienna,  and 
his  high  standing  in  his  long-continued  scientific  pursuits,  a  Gold 
Medal  was  presented  to  him  by  the  Emperor  of  Austria.  He  was 
a  Corresponding  Member  of  the  Imperial  Geological  Institute  at 
Vienna ;  and  Honorary  Member  of  the  Hoyal  Bohemian  Museum 
at  Prague. 

T.  E.  J. 
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I. — On  ths  ykbt  Rbobmt  and  Rapid  Elkyation  of  thb 
Highlands  of  Eastern  Asia. 

By  HxN&T  H.  HowoBTH,  Eaq.,  M.P.,  0to.,  eto. 

AMONG  the  many  interesting  issues  raised  by  the  disooTery  of 
Mammoth  remains  in  large  numbers  along  the  Arotic  borders 
of  Eastern  Asia,  one  has,  I  think,  oeased  to  be  polemical.  So  far  as 
I  know,  there  is  no  serious  student  who  now  contests  the  faot  that 
the  Mammoth  and  his  companions  lived  where  their  remains  are 
found.  The  rooted  trees  upon  which  they  fed,  and  the  southern 
river-shells  which  were  their  contemporaries,  both  of  which  are 
found  with  their  remains  (both  being  incapable  of  migration),  prove 
inoontestably  what  a  score  of  other  arguments  show,  that  the  fauna 
of  Korth-Eastern  Siberia  in  the  Mammoth  age,  like  its  flora,  must  be 
explained  by  some  other  theory  than  migration.  This  I  have  urged 
in  many  ways  in  my  work  on  the  Mammoth. 

If  the  arguments  I  have  recently  adduced  in  the  Gxologioal 
Magazine  to  show  that  the  two  great  rivers  of  Western  Siberia 
flowed  southwards  and  not  northwards  in  the  Mammoth  age  be 
sound,  they  give  the  finishing  blow  to  what  has  virtually  ceased 
for  many  other  reasons  to  be  a  tenable  theory,  namely,  that  the 
Mammoth  carcases  and  the  vast  debris  of  the  animal  world  found 
on  the  mainland  and  on  the  islands  off  the  coast  of  Siberia  are  the 
results  of  river  portage.  Against  this  last  theory  I  have  also  tried 
to  converge  a  large  number  of  arguments,  old  and  new,  in  the  work 
just  cited. 

There  remains  only  one  possible  conclusion,  as  I  said  at  starting, 
namely,  that  the  great  beasts  whose  remains  abound  so  much  in  the 
tundras  east  and  west  of  the  Lower  Lena  on  the  Bear  Islands,  eta, 
lived  where  their  remains  occur,  as  the  Russian  explorers  and  as  our 
most  experienced  writers  agree. 

This  conclusion  necessitates  our  postulating  that  the  area  in  ques- 
tion  in  the  time  when  the  Mammotn  lived,  instead  of  being  as  now 
a  bare  tundra  covered  with  snow  for  the  greater  part  of  the  year, 
and  swept  by  icy  winds,  with  a  short  summer  of  little  more  than 
six  weeks,  was  sufficiently  temperate  in  climate  to  permit  an  abun- 
dant and  accessible  vegetation  to  exist  all  the  year  round,  not  only  up  to 
the  present  border  of  the  Arctic  Sea,  but  right  across  from  Siberia 
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to  Alaska.  This  deductive  axiom  is  inductively  proved  by  our 
finding  the  remains  of  this  same  vegetation  rooted  in  the  very  beds 
where  the  Mammoths  lie,  and  far  beyond  the  present  limit  of  forest 
growth.  The  fact  has  to  be  explained  in  some  way  by  those  students 
who  do  not  emulate  the  conduct  of  the  ostrich  by  hiding  their  beads 
in  the  sand  to  bafi9e  every  pressing  difficulty,  and  who  recognize 
that  all  hypotheses,  however  supported  by  authority,  are  in  essence 
tentative. 

How,  then,  are  we  to  explain  a  change  of  climate  so  important 
and  so  considerable?  What  are  the  conditions  which  impose  such  a 
hard  climate  upon  North-Eastern  Asia,  and  under  what  hypothetical 
conditions  could  we  reasonably  postulate  a  fairly  temperate  climate 
in  the  Bear  Islands,  the  Chukchi  peninsula  and  Alaska  ?  It  seems  to 
me  that  the  severe  climate  of  North-East  em  Asia  is  governed  partially 
by  the  fact  that  that  area  is  in  dose  contact  with  and  bounded  on  the 
north  by  the  Arctic  Sea,  which  is  a  reservoir  of  cold,  and  partially 
and  probably  to  a  groater  extent  by  the  fact  that  it  is  in  close  con- 
tact with  and  bounded  on  the  south  by  the  icy  plateaux  of  Mongolia 
and  Tibet.  It  seems  to  me,  further,  that  if  we  could  romove  these 
two  sources  of  cold,  we  should  at  once  transform  the  climate  of  the 
district  we  are  discussing  from  one  of  extreme  Arctic  severity  to  one 
of  a  moderate  and  perhaps  even  temperate  character. 

I  will  first  say  a  few  words  about  the  Polar  Sea.  It  is  an 
opinion  very  generally  held  that  a  continental  climate  presents 
much  greater  contrasts,  and  is  in  e£fect  more  severe  than  a  maritime 
or  insular  climate,  which  has  its  extremes  tempered  by  the  continued 
presence  of  water,  and  the  isothermal  lines  of  the  world  are  a  singu- 
lar proof  of  the  general  truth  of  the  position.  The  position  is  never- 
theless only  partially  true.  It  is  only  true  when  the  water  is  in 
the  shape  of  water.  When  the  water  is  frozen  and  remains  frozen 
all  the  year  round,  and  is  consequently  never  above  the  freezing- 
point,  but  always  below  it,  the  proximity  of  a  great  mass  of  water, 
instead  of  acting  as  a  tempering  instrument,  acts  as  a  perpetual 
refrigerator,  and  every  wind  that  blows  across  it  and  over  the  land 
is  an  icy  cold  wind.  Hence  the  Polar  Sea,  so  long  as  it  remains 
frozen,  has  the  effect  of  greatly  intensifying  the  natural  climate 
due  to  a  high  latitude;  and  if  it  were  removed,  and  replaced  by 
a  mass  of  land,  the  effect  would  be  much  the  same  as  if  its  waters 
were  unfrozen :  the  result  would  be  in  fact  to  greatly  temper  the 
climate. 

I  have  tried  to  show  in  a  previous  paper  that  when  the  Mammoth 
lived,  the  polar  area,  or  a  considerable  portion  of  it,  was  necessarily 
dry  land,  otherwise  that  animal  and  its  companions  could  not  have 
passed  to  and  fro  between  Siberia  and  America,  as  we  know  they  did, 
and  as  we  also  know  they  did  in  very  high  latitudes.  Hence,  it  follows 
that  when  the  Mammoth  lived,  either  there  was  no  Polar  Sea,  or  its 
area  was  greatly  contracted,  and  thus  this  reservoir  of  cold  did  not 
exist  to  continually  sophisticate  the  north  wind  with  its  icy  touch. 
Pro  tanto  the  effect  of  this  must  have  inevitably  been  to  modify  the 
climate  in  the  direction  of  making  it  more  temperate  and  genial. 
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This  I  have  urged  before  in  these  pages.  We  must  not,  however, 
exnggerate  this  cause,  and  attribute  it  to  more  than  it  can  explain. 

When  we  inquire  why  the  climate  of  the  valley  of  the  Lower 
Lena,  and  notably  Yakutsk,  should  be  so  exceptionally  severe,  as 
compared  with  almost  every  other  place  on  the  same  parallel  of 
latitude,  we  shall  find  that  it  is  due  not  so  much  to  the  prevalence 
of  excessively  cold  north  winds,  but  to  the  prevalence  of  excessively 
oold  south  winds :  especially  is  this  the  case  in  summer,  when  in 
many  other  areas  on  the  same  parallel  the  south  wind  brings  a  balmy 
memory  of  the  tropics  with  it.  Here  it  always  comes  from  the 
sterile  cold  plateau  of  Tibet.  It  then  flows  across  the  Mongolian 
highlands,  and,  after  blowing  over  such  a  wide  space  of  very  elevated 
land,  it  is  not  only  drained  of  its  moisture,  but  is  also  cooled  down  to 
a  low  temperature.  Hence  at  Yakutsk  the  south  wind  is  often 
nearly,  if  not  quite,  as  terrible  a  visitor  as  the  north  wind. 

If  therefore  we  are  to  trace  the  present  severity  of  the  climate  of 
North-Eastem  Asia  to  its  most  potent  and  efficient  cause,  we  must 
trace  it  to  the  existence  of  vast  masses  of  mountain  land  and  high 
plateaux  culminating  in  the  Thian  Shan,  the  Euen  Lun,  and  the 
Himalayas  and  indading  the  Altai  range  and  the  great  upland  steppes 
of  the  Pamir  of  Tibet  and  of  Mongolia  proper. 

So  long  as  this  vast  refrigerator  exists  in  Asia,  so  long  does  it  seem 
to  me  must  the  climate  of  North-Eastem  Siberia  remain  a  very  cold 
and  severe  climate,  and  one  incompatible  with  vast  herds  of  herbi- 
vorous animals  finding  suitable  food  in  the  latitude  of  the  Bear 
Islands ;  and  if  we  are  to  find  the  efficient  and  real  cause  of  a  once 
temperate  climate,  where  everything  is  now  so  palpably  the  reverse, 
we  must  inevitably  postulate  the  non-existence  in  the  Mammoth  age 
of  these  great  masses  of  high  land.  I  have  no  hesitation  in  doing 
so.  The  suggestion  was  made  long  ago  as  a  suggestion  merely,  by  a 
much  greater  man  than  myself,  whose  sobriety  of  argument  and  ripe 
judgment  have  been  somewhat  overshadowed  lately  by  more  imagina- 
tive forms  of  scientific  reasoning.  I  mean  Alexander  von  Humboldt. 
Humboldt  argued  that  the  rise  of  the  Ural  and  Altai  Mountains,  and 
with  them  of  enormous  masses  of  the  continent  of  Asia,  must  have 
so  refrigerated  Siberia,  that  its  forests,  which  in  the  halcyon  days  of 
Mammoths  may  have  extended  in  certain  promontories  to  near  the 
Icy  Sea,  had  necessarily  shrunk  back  to  their  present  limits,  and 
left  these  coasts  entirely  to  the  Beindeer  and  its  mosses  (Bussia  and 
the  Ural  Mountains,  vol.  ii.  p.  497).  Let  us  now  see  how  this  view 
can  be  supported  inductively. 

The  first  remarkable  fact  to  which  I  would  call  attention  is  one 
that  arrested  notice  long  ago,  namely,  that  in  the  Altai  Mountains, 
which  are  very  lofty  and  otherwise  well  adapted  to  nurse  large 
glaciers,  no  traces  of  the  so-called  Glacial  Age  can  be  found.  No 
striated  rocks,  no  ancient  boulders.  This  is  assuredly  a  remarkable 
fact  It  is  attested  by  more  than  one  reputable  witness.  One  of  the 
first  trained  geologists  who  visited  the  Altai  Mountains  was  Pierre  de 
Tchihatcheff,  who  published  a  very  fine  work  on  that  chain  in  1845. 
He  remarked  in  it  on  the  absence  from  the  Altai  as  from  the  Ural 
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cbain  of  any  erratic  blocks  90  far  aa  his  obseryations  went  (op.  eti. 
pp.  d9&-7).  In  1871  another  special  work  on  the  geology  of  the 
Altai  was  published  at  Leipzig  by  the  famous  geologist  Bemhard 
Yon  Cotta.  Inter  alia,  he  remarks  on  the  complete  absence  in  the 
Altai  of  any  traces  of  a  Glacial  age,  or  of  such  evidences  of  an  loe 
age  as  exist  in  Western  Europe.  He  says  that  General  von  Helmersen 
had  failed  to  find  any  traces  of  erratic  blocks  of  rounded  rocks  or  of 
polished  surfaces ;  while  he  himself,  in  spite  of  an  eager  search,  had 
*^  not  been  able  to  find  the  slightest  evidence  of  anything  of  the  kind 
either  in  the  subordinate  ranges  and  hills  or  the  deeper  valleys, 
although  the  mountains  there  are  from  seven  to  eleven  thousand  feet 
high,  and  at  present  a  few  small  glaciers  are  to  be  found  in  the 
south-eastern  part  of  the  range ;  and,*'  he  adds,  ''  those  who  would 
explain  the  absence  of  old  glacial  action  in  the  Urals  from  the  fact 
of  their  comparatively  low  altitude  cannot  use  the  same  argument 
here."  In  another  place  Yon  Cotta  remarks  again  on  the  &ot  that 
the  Altai  range  offers  no  traces  of  a  former  Glacial  period  or  of  an 
Ice  age  (vide  op.  cit  pp.  65  and  107). 

The  two  ranges  of  the  Urals  and  the  Altai  therefore  share  in  this 
common  absence  of  traces  of  a  so-called  Glacial  age,  an  absence 
which  is  also  marked,  as  Humboldt  long  ago  pointed  out,  in  the 
plains  which  separate  the  two  ranges.  All  this  is  assuredly  very 
remarkable.  That  a  Vast  congeries  of  mountains  should  have  existed 
in  the  temperate  zone  of  the  northern  hemisphere  at  the  time  when 
the  Alps  and  the  Dovrefelds  were  shedding  their  great  trains  of 
erratics  far  and  wide  and  were  covered  with  vast  glaciers,  and  yet 
that  there  should  be  no  traces  of  old  glacier  action  among  them, 
is  explainable  to  myself  by  no  other  hypothesis  than  their  non- 
existence at  the  time.  As  in  the  case  of  the  Urals,  to  which  I 
devoted  the  previous  paper,  the  absence  of  traces  of  ice  action 
is  the  best  evidenee  that  the  Altai  range  did  not  exist  when  ice 
action  was  so  developed  on  nearly  every  secondary  mountain  chain 
in  the  north  temperate  zone. 

Again,  it  is  a  remarkable  fact  that  among  the  animal  remains 
found  in  the  Altai  caverns  the  HysMia  should  occur.  The  Hyaena 
is,  I  believe,  very  rarely  if  ever  found  in  the  caverns  on  the  fianks 
of  the  Alps  or  in  those  of  the  higher  grounds  of  Germany,  and  was 
a  frequenter  of  the  warmer  plains.  That  it  should  occur  in  the 
caverns  of  the  Altai  points  again  to  that  area  having  had  a  different 
contour  to  the  present  one.  Altogether,  it  seems  to  me  that  in 
regard  to  the  Altai  range,  such  evidence  as  we  have  is  completely 
consistent  with  the  d  priori  view  that  these  mountains  did  not  exist 
during  the  Mammoth  age. 

If  we  turn  from  the  Altai  range  to  the  mighty  plateau  which 
forms  the  great  mass  of  Central  Asia,  and  is  buttressed  on  the  south 
by  the  Himalayas,  on  the  north  by  the  Thian  Shan  range,  on  the 
west  by  the  Pamir  and  the  Hindu  Kush,  and  on  the  east  by  the 
mountains  of  Corea,  we  have  to  deal  with  an  area  which  has  only 
been  visited  and  traversed  at  a  few  points.  The  testimony  of 
travellers,  however,  seems  to  be  unanimous,  whether  they  approach 


Digitized  by  VjOOQIC 


Senry  H,  Hwoorth — Elevation  of  Eastern  Asia.         101 

this  great  upland  from  India,  or  Bussia,  or  China,  namely,  in 
Touching  for  the  absence  of  those  most  easily  distinguished  and 
most  palpable  proofs  of  wide  glaciation  which  we  meet  with  in 
Western  £urope  and  in  Eastern  America. 

The  Bussian  traveller  Severtzoff  has  described  the  existing  glaciers 
of  the  Thian  Shan,  some  of  them  still  of  enormous  size,  some 
shrinking  and  recently  shrunk,  in  consequence  doubtless  of  the 
gradual  desiccation  of  the  surrounding  lowlands  and  consequent 
diminution  of  moisture. 

When  he  turns  to  a  former  development  of  glaciers,  which  ought 
assuredly  to  have  left  enormous  traces  in  this  the  very  focus  of 
modem  glacier  action,  at  a  time  when  Central  Asia,  instead  of  being 
a  diied-up  waste,  was  occupied  by  a  vast  sheet  of  water,  and  when 
the  conditions  for  the  growth  of  glaciers  were  so  favourable,  what 
does  Severtzoff  say  ?  I  will  copy  his  account,  as  communicated  by 
Erapotkin  to  Beclu's  great  geographical  work. 

"  Evidently  the  Thian  Shan,"  he  says,  '*  has  preserved  its  primi- 
tive aspect  better  than  the  Alps.  It  has  been  less  carved  out  by 
rain,  snow,  and  glaciers.  While  the  neves  and  rivers  of  ice  in  the 
Alps  once  covered  the  plains  and  lowlands  surrounding  that  range 
to  a  height  of  200  metres,  the  glaciers  of  the  Celestial  mountains  do 
not  appear  to  have  descended  into  the  lower  valleys,  and  a  vigorous 
vegetation  occupied  the  flanks  of  the  mountains  to  a  height  of  750 
metres  above  the  level  of  the  waters  which  bathed  their  feet.  There 
has,  in  consequence,  resulted  a  very  different  law  of  vegetable  distri- 
bution. While  the  Alpine  region  has  been  itself  colonized  by  species 
of  plants  growing  in  the  forest  outside  it  during  the  intensity 
of  the  ice,  the  zone  of  the  Lower  Thian  Shan  was  the  mother 
country  whence  species  spread  in  one  direction  towards  the  higher 
summits,  and  in  the  other  towards  the  dried -up  plains.''  — 
(Severtzoff  quoted  by  Bedus,  Nouvelle  Qeographie  Universelle, 
vol.  vi,  pp.  869-860.) 

It  would  not  be  easy  to  adduce  stronger  evidence  than  this  that 
on  the  great  ramparts  of  mountains  which  form  the  northern  frontier 
of  the  great  Asiatic  plateau  there  is  not  only  an  absence  of  traces  of 
former  great  glacial  development,  but  positive  proof  that  no  such 
conditions  could  have  then  existed. 

If  we  turn  to  the  other  extremity  of  this  great  plateau  girdled 
with  mountains,  namely,  to  Corea,  we  find  the  same  story.  Dr. 
Gottsche,  in  his  memoir  entitled  Geologische  Skizze  von  Korea, 
published  in  the  86th  volume  of  the  Proceedings  of  the  Berlin 
Academy,  says  emphatically,  "Glacial  phenomena  do  not  exist  in 
Corea,"  and  he  quotes  Bichthofen's  China,  vol.  ii.  p.  Ill,  as  witnessing 
to  the  absence  of  similar  phenomena  from  Liautung.  Both  Corea  and 
Liautung  are  mountainous  countries,  and  the  former  very  much  so. 

If  we  now  turn  to  the  great  southern  buttresses  of  the  Asiatic 
plateau,  namely,  the  Himalayas,  we  shall  find  a  repetition  of  what 
Severtzoff  reports  in  regard  to  the  lliian  Shan  range,  namely,  a 
large  number  of  glaciers  showing  signs  of  shrinkage,  of  which  Mr. 
Lydekker  has  given  a  very  interesting  conspectus.    No  doubt  there 
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are  traces  of  their  having  been  bigger  and  stretched  further,  but 
these  traces  are  nevertheless  strangely  limited  in  extent  considering 
the  huge  reservoirs  of  ice  which  the  Himalayas  must  have  been,  in 
the  so-called  Glacial  age,  if  the  same  conditions  had  prevailed  there  as 
prevailed  in  corresponding  times  in  the  Alps.  We  must  not  forget 
that  not  only  was  the  southern  monsoon  there  with  its  heavy  rains, 
but  the  Asiatic  Mediterranean  was  also  then  existing,  so  that  we 
must  not  measure  the  amount  of  moisture  then  prevailing  with  what 
prevails  now ;  and  what  is  the  testimony  of  the  best  observers  on 
the  subject?  There  has  no  doubt  been  a  polemic  in  which  many 
writers,  such  as  Tbeobald,  Wynne,  Lydekker,  Drew,  and  others  have 
joined;  but  this  has  been  rather  about  the  extent  to  which  the 
modern  glaciers  have  shrunk :  all  admit  recent  glaoiation  in  the 
higher  valleys,  but  I  know  of  no  Indian  geologist,  except  Mr. 
Theobald,  who  has  contended  for  signs  of  vast  glaoiation,  such 
as  we  find  in  the  much  smaller  European  ranges  of  the  Alps  and 
Dovrefelds.  I  would  add  that  Strachey  has  published  in  the 
Encyclopsedia  Britannioa  a  very  useful  diagram  showing  the  com- 
parative size  of  the  Alps  and  the  great  Asiatic  uplands,  which  is 
a  very  useful  measure  of  the  kind  of  traces  of  a  glacial  age  we 
ought  to  meet  in  Eastern  Asia.  To  revert,  however:  there  is  a 
general  concurrence  among  observers  that  the  phenomena  in  the 
Himalayas  are  on  quite  a  small  scale  comparatively. 

Thus,  Mr.  J.  F.Campbell  writes  :  "The  Himalayan  region  is  a  slope 
about  200  miles  wide  between  the  upper  plateau  of  Asia  and  the 
plains  of  India  ....  I  looked  at  every  stone  and  heap  of  stones 
about  the  foot  hills,  expecting  to  find  some  glacial  mark.  I  looked  at 
every  hill  top,  expecting  to  find  some  remnant  of  a  glacial  record 
between  the  river  gorges.  ...  I  stayed  at  Simla  for  some  time,  and 
found  no  sign  of  glacial  action  of  any  kind  up  to  about  9000  feet. 
All  the  ridges  which  divide  streams  are  sharp  and  steep  as  the  ridge 
of  a  house.  All  the  furrows  are  deep  V-shaped,  angular,  steep 
gutters,  like  the  gutter  between  two  steep  roofs.  I  could  not  dis- 
cover one  rounded  hill  or  hollow,  one  '  saddle '  or  '  hogback,'  from 
Simla,  or  from  places  near  it  to  which  I  could  travel  ....  The 
highest  ground  visible  is  a  jagged  sierra  of  pyramidal  angular  points, 
among  which  are  the  glaciers "  (Quart  Journ.  G.  8.  vol.  xxxv. 
pp.  109-110).  "Hirdswar  is  a  sacred  place  where  the  Ganges 
leaves  the  hills.  At  the  sources  of  the  Ganges  are  glaciers.  If  these 
glaciers  ever  extended  far  during  a  Glacial  period,  some  mark  ought 
to  be  found  about  the  plaoe  where  a  river  as  big  as  the  chief  river 
of  Lombardy  at  its  greatest  size  escapes  from  the  great  basin,  whose 
jagged  edges  and  steep  sides  I  had  seen  from  Landour,  where  frosts 
and  deep  snows  occur  frequently.  In  a  like  position  in  Italy,  near 
Turin,  are  ramparts  of  glacial  dibris.  Hirdswar  is  1124  feet  above 
the  sea.  The  edge  of  the  basin  is  nearly  20,000  feet  higher,  and 
the  area  is  large  and  comparable  to  the  area  of  the  Yal  d'Aosta  or 

the  Lago  Maggiore I  stayed  at  Hirdswar  for  several  days,  and 

could  find  no  sign  of  glacial  action  whatsoever"  {id.  pp.  113-114). 

At  Roorkee,  in  digging  a  huge  canal,  there  was  found  only  mad^ 
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sand,  pebbles,  and  abandanoe  of  large,  smootb,  egg-shaped,  rolled 
stones  of  considerable  size.  *'  I  could  not  find,"  says  Mr.  Campbell, 
"  one  stone  with  soratches  on  it  or  with  flat  sides,  or  one  angular 
erratic  near  the  oanaL  I  could  find  nothing  glacial  about  the  end 
of  the  Ganges  basin.  I  could  hear  of  nothing  glacial  from  the 
surveyors  with  whom  I  conversed  at  Dehra.  I  had  photographs  of 
glaciers,  and  of  glens  near  them,  about  the  headwaters  of  the 
Granges  and  the  Sutlej.  In  them  I  could  see  nothing  to  suggest  the 
former  action  of  large  glaciers  like  those  which  have  left  iheir  spoor 
in  the  Alps,  in  Scandinavia,  in  Scotland,  and  in  Ireland.  In  some 
few  pictures  only  I  could  trace  marks  which  seem  to  indicate  a 
former  extension  of  glaciers  which  exist.  Captain  Senior,  who  made 
the  pictures,  said  that  old  glacier- marks  extend  only  a  few  mile$from 
ike  ice  in  tkii  region.  The  surveyors  who  mapped  the  ground  con- 
firmed what  I  saw  and  heard.  The  Ganges  glaciers  and  others  in 
this  region  hang  about  the  steep  broken  edges  of  great  deep  basins ; 
and  there  is  nothing  to  show  that  glaciers  ever  filled  these  basins,  as 
European  hollows  were  filled  of  old.  Opposite  to  the  Ganges  there 
are  no  signs  of  that  Glacial  period  to  which  European  ice-marks  are 
usually  attributed."  Again,  "  I  crossed  the  Jumna,  the  Sutlej,  and 
the  Bias,  about  fifty  miles  from  the  hills.  I  saw  no  glaciated 
stones  in  the  plains  or  near  the  banks  of  these  three  great  rivers,  all 
three  rising  among  glaciers.  There  is  nothing  at  the  foot  of  the 
Himalayas  here  comparable  to  the  glacial  debris  of  Lombardy  or 
the  erratics  of  the  American  plains  "  {id,  p.  114).  "  The  Bavee  (within 
sight  of  the  Kashmir  hills)  rises  among  glaciers  ;  but  there  is 
nothing  like  glacial  work  opposite  to  this  great  river-basin  in  the 
plains.  In  the  Eangra  valley  there  was  no  sign  of  a  great  glacier 
passing  along  the  base  of  the  Sutlej  valley  from  east  to  west  Such 
a  glacier,  if  it  ever  existed,  must  have  left  a  conspicuous  mark.  So 
far  as  I  have  been  able  to  learn  from  surveyors,  geologists,  travellers, 
photographers,  and  photographs,  there  are  no  marks  of  a  big  glacier 
in  the  Sutlej  valley  so  far  as  it  has  been  explored,  but  existing 
glaciers  are  dose  at  hand"  {id,  p.  115). 

In  regard  to  the  famous  deposit  of  rounded  stones  in  this  valley, 
about  which  so  much  has  been  written  and  said,  the  same  acute  and 
experienced  observer  writes  that  "  at  first  sight  these  stones  by  their 
great  size  suggested  glacial  action.  They  have  been  described  as 
erratics,  and  the  deposits  in  which  they  occur  as  '  moraines '  of  the 
Glacial  period.  I  therefore  sought  carefully,  but  I  could  find  none 
of  the  known  marks.  The  Eangra  big  stones  are  all  smoothed, 
dinted,  and  rounded ;  the  biggest  are  next  to  the  range.  The  size 
decreases  as  the  distance  increases,  and  the  slopes  grow  less.  They 
are  not  arranged  like  moraines  at  Turin  or  elsewhere,  but  spread 
like  stuff  of  the  same  kind  at  the  foot  of  the  Pike's  Peak  in  America, 
and  at  the  end  of  the  Dariel  Pass  in  the  Northern  Caucasus.  The 
deltas  to  which  these  trains  of  big  stones  belong  all  spread  like  fans 
from  the  jaws  of  deep,  steep  ravines  near  high,  steep  hills,  and  they 
are  all  washed  and  rolled  by  floods  of  water " 

At  Dhada,  a  rest-house  at  the  foot  of  the  high  range,  "  a  gravel- 
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pit  has  been  desoribed  by  a  very  experienced  geologist  as  one  of  the 
Eaogra  moraines.  The  solid  rock  under  the  loose  stuff  was  newly 
laid  bare.  It  is  not  glaciated.  The  whole  of  the  stu£f  was  sorted 
by  running  water,  and  the  big  stones  strewed  on  the  top  evidently 
are  the  largest  and  heaviest  in  an  old  river  deposit  laid  bare  by 
late  rains  which  have  washed  away  smaller  stufif.  There  was  no 
moraine  stu£f  in  the  section,  no  clay,  and  no  scratched  stones  any- 
where." 

Mr.  Campbell  is  most  emphatic  in  his  conclusion  that  the 
Himalayas  present  us  with  no  evidence  of  a  Glacial  period.  Glaciers 
exist  there,  and  may  have  been  larger.  "  While/'  he  says,  **  Scandi- 
navian and  Alpine  ice  has  shrunk  by  many  meridian  d^rees,  old 
Himalayan  glaciers  have  left  no  mark  within  a  few  miles.  It  seems 
as  reasonable  to  account  for  the  length  of  an  icicle  by  a  Glacial 
period,  as  to  summon  that  cause  to  account  for  any  extension  of 
Indian  ice  of  which  I  was  able  to  obtain  proofs,  from  maps  and 
surveyors,  geologists  and  papers,  photography  and  photographers, 
and  travellers"  {id.  p.  118). 

{To  be  continued  in  our  next  Ifumber.) 


11. — NOTKS  ON  80MK  FiSH-BBMAINS  FROM  THE  LOWRK   TeRTTART  AND 

Upper  Cretaceous  of  Belgium,  Collected  by  Monsieur  A. 

HOUZBAU   DB   LeHAIB. 

By  Abthur  Smith  Woodwaed,  F.G.S.,  F.Z.8. 
(PLATE  III.  Fxos.  1-17.) 

SOME  time  ago  the  writer  was  favoured  hy  Monsieur  A.  Houzean 
de  Lehaie  with  the  opportunity  of  studying  his  extensive  ool- 
leotion  of  teeth  and  other  remains  of  fishes  from  the  Bruxellian 
Eooene,  near  Brussels,  and  the  "  Craie  brune  phosphat^e  de  Ciply," 
near  Mens.  Monsieur  Houzeau  has  generously  presented  a  fine 
series  of  these  fossils  to  the  British  Museum,  and  the  following 
notes  are  based  upon  the  ool  lection. 

I.  The  Fish-fauna  of  the  Bruxellian  Eooene. 

Like  the  contemporaneous  Bracklesham  Beds  in  England,  the 
Bruxellian  Sands  of  Woluwe  St  Lambert,  near  Brussels,  yield  only 
very  fragmentary  remains  of  fishes.  These  have  been  studied  more 
especially  by  M.  H.  Le  Hon ^  and  Dr.  T.  C.  Winkler;'  and  MM. 
P.  J.  Van  Beneden  '  and  L.  DoUo  ^  have  contributed  additional  notes. 

'  H.  Le  Hon,  *<  Pr^liminaires  d'un  M6moire  but  lee  Poiesonfl  Tertiaires  de 
Belgique"  (1871). 

'  T.  C.  Winkler,  "M^oire  mir  dee  Dents  de  Poiesons  dn  Terrain  broxellien," 
Archly.  Hub.  Teyler,  yol.  iii.  (1874),  pp.  296-304,  pi.  vii. ;  also  ibid.  yd.  iy.  (1876), 
pp.  16-48,  pi.  ii. 

'  P.  jr.  van  Beneden,  *'  Recherchee  sur  qnelques  Poissons  foeeiles  de  Belgique," 
Bnll.  Acad.  Roy.  Belg.  [2],  yol.  xxxi.  (1871),  pp.  163-179.  Also  "Notice  sur  un 
nonyeau  Poisson  dn  Tenain  bnuellien,''  ibid.  yol.  xxzy.  (1873),  pp.  266-259,  with 
plate  (Homorhynehue  bruxelliensis). 

*  L.  Dollo,  **  Premi^  Note  sur  les  T^l^oei^ns  du  Bruxellien  (Eoc^e  mojen)  de 
la  Belgique,"  Bull.  Soc.  Belg.  G^ol.  etc.  yol.  iii.  (1889),  Proc.-Verb.  pp.  218-226 
{Ariua  Egertoni). 
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Seyeral  of  the  original  determinations  of  the  fossila  were  based  upon 
insnflSoient  oomparisons,  and  have  subsequently  proved  erroneous ; 
and  the  examination  of  M.  Houzeau*s  oolleotion  now  enables  the 
present  writer  to  oonfirm  and  extend  the  revision  oommenoed  by 
recent  anthers. 

£ZA8M0BRAircmL 

CeMtradan  Duponti,  Winkler.     PL  III.  Pig.  1. 

1876.  OntraeUm  Duponti,  T.  C.  Winkler,  ArchiT.  Mob.  Teyler,  Tol.  ir.  p.  17, 

pi.  ii.  figs.  1-3. 

Some  anterior  prehensile  teeth  of  Cesiraeion  have  already  been 
described  and  named  (7.  Duponti  by  Dr.  Winkler ;  and  it  is  interesting 
to  find  in  M.  Houzeau's  oolleotion  one  of  the  crushing  teeth  so 
characteristic  of  the  middle  portion  of  each  ramus  of  the  jaw  in 
this  genus.  The  specimen  measures  00095  in  length  and  0'003  in 
maximum  breadth,  and  is  shown  from  the  coronal  aspect,  of  twice 
the  natural  size,  in  PL  IIL  Fig.  1.  Having  been  discovered  in  the 
same  formation  and  locality  as  the  prehensile  teeth,  and  agreeing 
with  the  latter  in  its  comparatively  small  size,  the  new  specimen 
may  also  be  named  C  Dnponti,  and  thus  adds  somewhat  to  the 
Bcsanty  definition  of  the  species.  The  tooth  tapers  gradually  to  its 
extremities,  which  are  obtusely  angulated,  almost  rounded;  and 
there  is  a  prominent  median  longitudinal  keel,  which  rises  to  a  blunt 
apex  at  the  point  of  maximum  breadth.  The  coronal  surface  is  also 
coarsely  rugose. 

It  is  interesting  to  observe  that  the  crushing  tooth  just  described 
corresponds  more  closely  with  those  of  the  Cretaceous  species  than 
with  those  of  the  existing  forms ;  and  it  may  be  added  that  a  similar 
tooth  has  already  been  recorded  from  the  London  Clay  of  Highgate 
Archway.* 

OdafUa$pii  elegan$  (Agassiz). 

1843.  lamna  Oegam,  L.  Agasaiz,  Poifls.  Foes.  vol.  iii.  p.  289,  pi.  zzzt.  figs.  1-6 

(non  fin.  6,  TV  pi.  xxxriiff.  fie.  69  {fwn  fig.  68}^ 
1871.  Lamna  eUgant,  H.  Le  Hon,  Prihm.  M6m.  Poias.  Tert.  Belg.  p.  12. 
1876.  Lamna  degant,  A.  Rntot,  Ann.  Soc.  G^l.  Belg.  toI.  ii.  p.  34. 
1876.  Otodui  ttriatua,  T.  C.  Winkler,  ArchiT.  Mob.  Teyler,  toI.  iy.  pp.  8,  24,  pi.  i. 

figs.  7-9. 
1876.  Zamna  eUganty  T.  0.  Winkler,  ibid,  p.  9. 
1876.  Lamna  elMant,  G.  Tincent,  Ann.  Soc.  Roy.  lialacol.  Belg.  vol.  xi.  p.  123, 

pi.  ri.  fig.  4. 
1876.  Otodua  ttriatuty  G.  Vincent,  ibid.  p.  126,  pi.  ri.  fig.  2. 
1880.  Zamna  eUgam,  T.  0.  Winkler,  Archly.  Mu8.  Te}rler,  yoI.  y.  p.  74. 
1886.  Lamna  ekganty  F.  Noetiing,  Abh.  GeoL  Specialk.  Preuasen  u.  Thiiring. 

Staaten,  yoI.  tI.  pt.  8,  p.  61,  pi.  vr, 
1889.  Odontatpis  $Ugan$,  A.  8.  Woodward,  Catal.  Foes.  Fishes  Brit.  Mus.  pt.  i. 

p.  361. 

Typical  teeth  of  this  species  occur,  and  it  seems  most  probable 
that  the  teeth  named  Otodua  $triatu$  by  Winkler  are  truly  referable 
to  the  sides  of  the  upper  jaw  of  the  same  fish.  Noetling  has 
attempted  to  restore  the  dentition  from  the  fossils  of  the  ^x)ene 
of  Samland,  placing  relatively  low-crowned  and  broad  compressed 
^  Catal.  Fo88.  Fishes  Brit.  Mns.  pt.  i.  p.  836. 
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teeth  in  the  upper  jaw, — an  arrangement  agreeing  precisely  with 
that  of  the  existing  species  of  Odontaspis.  Notwithstanding  recent 
criticisms,'  we  still  venture  to  maintain  that  the  form  of  the  anterior 
teeth  proves  the  species  to  be  referable  to  the  last-mentioned  genus, 
and  not  to  Lamua. 

Ozyrhina  nova,  Winkler. 

1876.  Oxyrhina  nova,  T.  C.  Winkler,  Archiv.  Mua.  Teyler,  yoI.  iv.  p.  22,  pi.  ii. 
fig.  8. 
This  species  may  be  accepted  as  well  defined. 

Oxyrhina  Deaori,  Agassiz. 

1843.  Oxyrhina  Desorii,   L.  Agassiz,   Foibb.   Fou.  toI.  iii.   p.  282,   pi.  xxxvii. 
tigs.  8-13. 

1885.  Oxyrhina  xiphodon,  F.  Noetling,  Abh.  Oeol.  Specialk.  Preussen  u.  Thiiring. 

Staaten,  vol.  vi.  pt.  3,  p.  60,  pi.  iii. 
1889.  Oxyrhina  Deswrii,  A.  S.  Woodward,  Catal.  Fom.  Fishes  Brit.  Mus.  pt.  i. 
p.  882. 

Some  broad  upper  lateral  teeth  of  this  species  occur  in  M.  Houzeau's 
collection,  and  resemble  those  figured  by  Noetling  (under  the  name 
of  OxyrMna  xiphodon)  from  the  Samland  Eocene. 

Lamna  fferticalis,  Agassiz.     PL  III.  Fig.  2. 

1843.  Zamna  {Odontaspia)  verticalis,  L.  Agassiz,   Poiss.   Foss.  Tol.  iii.  p.  294, 

pi.  xxxviia,  figs.  31,  32. 
1874.  Otodus  minutissimus,  T.  C.  Winkler,  Aichiv.  Mus.  Teyler,  toI.  iii.  p.  297, 

pi.  Tii.  fig.  2. 
1876.  Otodue  parvus,  T.  C.  "Winkler,  iwj.  cit,  vol.  iv.  p.  7,  pi.  i.  figs.  6,  6. 
1876.  Otodus  minuUssimus,  T.  C.  Winkler,  ibid.  p.  23. 
1880.  Odontaspis  mourloni,  T.  C.  Winkler,  loe.  eit.  vol.  v.  p.  77,  figs.  1,  2. 
1883.  Zamna  {Odontaspis)  vertiealis,  W.  Dames,  Sitzungsb.  k.  preuas.  Akad.  Wiss. 

Berlin,  pt.  i.  p.  145,  pi.  iii.  figs.  8-10. 

1886.  Odontaspis  minutissimus,  F.  Noetling,  Sitzungsb.  natuif.  Freunde  Berlin, 

p.  16. 

The  large  series  of  teeth  of  this  species  in  M.  Houzeau's  collection 
seems  to  justify  the  above  synonymy  suggested  by  Prof.  Dames. 
The  form  and  proportions  of  the  anterior  teeth  are  characteristic  of 
the  true  Lamna ;  and  a  typical  lateral  tooth  is  shown,  of  the  natural 
size,  in  PL  III.  Fig.  2, 

The  type  specimens  of  L,  verticalis  are  stated  by  Agassiz  to  have 
been  obtained  from  the  London  Clay  of  Sheppey,  but  the  present 
writer  has  not  been  able  to  identify  teeth  of  this  form  from  any 
British  Eocene  deposit. 

Lamna  Vincenii  (Winkler). 

1876.  Otodus  Vineenti,  T.  C.  Winkler,  Archiv.  Mus.  Teyler,  vol.  iv.  p.  25,  pi.  ii. 
figs.  9-10. 

The  teeth  of  this  species  exhibit  no  characters  by  which  they  can 
be  separated  from  those  of  the  true  Lamna.  They  are  well  character- 
ized by  Winkler,  though  a  reference  might  have  been  made  to  the 
supposed  species,  Lamna  eompressa  of  Agassiz.  The  latter  comprises 
teeth  of  very  similar  proportions  but  distinguished  by  the  form  of 

'  J.  W.  Davis,  Trans.  Boy.  Dublin  See.  [2],  vol.  iv.  (1890),  pp.  873,  398. 
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the  lateral  dentioles ;  and  there  oannot  be  much  doubt  that  most  of 
these  foasils  are  referable  to  the  upper  jaw  of  Lamna  maerota. 

Oinglymosioma  ihielenae  (Winkler). 

1874-76.  Hieodua  ihieUntU,  T.  C.  Winkler,  ArohiT.  Mob.  Teyler,  vol.  iii.  p.  301, 

pi.  yii.  fig.  5,  and  ibid,  vol.  iv.  p.  20. 
1886.  OinglymotUnna    thielente,    F.   Noetling,    Sitzungsb.   Gee.  natnrf.   Freonde 

Berlin,  p.  14,  figs.  2,  3. 

The  teeth  described  under  this  specifio  name  exhibit  all  the 
oharaoters  of  Oinglymoiioma,  as  already  noted  by  Noetling. 

Scymnus  trituratv^  (Winkler). 

1874.  Oarax  triiurattu,  T.  C.  Winkler,  Archiv.  Mob.  Teyler,  Tol.  iv.  p.  27,  pi.  ii. 

fig.  13. 
1879.  Scynmua  triturahu^  J.  Probst,  Wiirtt.  Jahreeh.  vol.  xxxt.  p.  176. 
1886.  Scymnus  trituratus,  F.  Noetling,  Sitzungsb.  Gee.  natnrf.  Fiennde  Berlin, 

p.  n. 

Some  very  small  Bruxellian  teeth  are  indistinguishable  in  shape 
from  those  of  the  existing  Scymnus,  and  may  thus  be  regarded  as 
pertaining  either  to  this  genus  or  to  a  closely  allied  form  at  present 
undetermined. 

Squattna,  sp. 

A  tooth  of  Squaiina  occurs  in  M.  Houzeau's  collection,  but  cannot 
be  regarded  as  sufficient  for  specific  determination.  It  is  less  robust 
than  the  teeth  of  the  same  genus  from  the  Heersian  Beds,^  and 
similarly  differs  from  a  Belgian  Pliocene  tooth  described  by  Le  Hon.' 

Coelorhynchus  rectus,  Agassiz. 

1784.  "  Petrification  inconnue,"  Bnrtin,  Oryctogr.  Bruxelles,  pi.  yi.  figs.  a-b. 
1844.  CalorhynehuB  rectus^  L.  Agaasiz,  Poiss.  Foes.  vol.  y.  pt.  i.  p.  92  (name  only). 
1850.  Oeelorhynehtu,  F.  Dixon,  Foes.  Sussex,  p.  112,  pi.  x.  figs.  14-17,  pi.  xi. 

fig.  26. 
1871.  Calvrhynehtu  rectus  and  C,  JBurtini,  H.  Le  Hon,  Pf^lim.  M6m.  Poiss.  Tert. 

Belg.  p.   14;  also  P.  J.  Van  Beneden,   Bull.  Acad.  Boy.   Belg.   [2], 

Tol.  xxxi.  p.  600. 

No  specific  differences  between  C.  Burtini  and  the  typical  C.  rectus 
have  been  pointed  out,  and  they  may  be  regarded  as  pertaining  to 
one  and  the  same  form. 

TIXFOSTOMI. 
Lepidosteus,  sp. 

1874.  Trichiurides  sagittidens,  T.  C.  Winkler,  Archiv.  Mns.  Teyler,  vol.  It.  p.  31, 

pi.  ii.  flgB.  22,  23. 
1883.  **  LepidosUuS'yfsnf9Xid\m  Oanoid,"  Hilgendorf,  Zeitschr.  deutsch.  geol.  Ges. 

TOl.  XXXT.  p.  670. 

As  already  recognized  by  Hilgendorf,  the  teeth  described  by 
Winkler  under  the  name  of  Trichiurides  are  indistinguishable  from 
those  of   Lepidosteus,     Numerous    teeth,   head-bones,   scales,   and 

^  Trigonodus  primus,  T.  C.  Winkler,  Archiv.  Mus.  Teyler,  toI.  iv.  (1876),  p.  14, 
pi.  i.  figs.  18-21. 

*  Sealdia  biforis,  H.  Le  Hon,  Pr^m.  M6m.  Poiss.  Tert.  Belg.  (1871),  p.  7, 
with  figs. 


Digitized  by  VjOOQIC 


108  A.  8.  Woodfccrd^Belgian  Neozaie  Flsh-teet/i. 

vertebne  closely  resembling  those  of  the  latter  genus  are  well 
known  from  several  European  Lower  Tertiary  formations;  and 
a  single  vertebra  has  been  recorded  from  the  Bracklesham  Beds.^ 

PisoduB  Owem,  Owen.    PI.  III.  Figs.  3-5. 

1844.  JPuodus  OwmiL  L.  Aguaiz,  Poias.  Fosb.  toI.  ii.  pt.  IL  p.  247  (name  only). 

1845.  FUotbu  Owenit,  R.  Owen,  Odontography,  p.  138,  pi.  xlTii.  fig.  3;  also 

Cat.  Fobs.  Bept.  and  Pifloee  Mus.  B.  ColL  SnrgeonB  (1864),  p.  167. 

Numerous  detached  teeth  occurring  in  the  Bruxellian  of  Woluwe 
St  Lambert  are  identical  ¥nth  those  of  the  peculiar  dental  armature 
described  by  Owen  from  the  London  Clay  of  Sheppey  under  the 
name  of  FUodus,  Two  of  these  specimens  are  shown  of  the  natural 
size  in  PI.  IlL  Figs.  3,  4,  and  a  portion  of  the  typical  dentition  from 
Sheppey  is  represented  for  comparison  in  Fig.  6.  The  teeth  are 
rounded  or  irregularly  angulated,  while  the  superficial  gano-dentine 
is  thin  and  soon  removed  by  wear.  The  greatest  diameter  of  the 
tooth  is  at  the  base  of  the  crown,  and  the  hollow  root  tapers  below 
to  its  point  of  attachment  to  the  bottom  of  a  socket  in  the  support- 
ing bone. 

The  affinities  of  Pisodus  seem  to  have  hitherto  escaped  recog- 
nition, but  a  fine  skull  from  Sheppey  in  the  British  Maseum  • 
(No.  39439)  shows  that  in  all  essential  cranial  characters  it  ia 
identical  with  the  existing  Elopine  Glupeoid,  Alhtda.  The  peculiar 
tritoral  dentition  occurs  upon  the  parasphenoid  bone,  and  is  precisely 
similar  to  that  of  the  last-named  genus. 

Andstrodon  fisMuraius  (Winkler). 

1852.  Sargus?  armatuty  P.  GenraiB  (errore),  Zool.  et  Pal.  Fnui9.,  Explic.  p.  5, 

pi.  Izix.  figs.  9,  10. 
1852.  Sarptu  P  terratus,  P.  Gerrais  {errore),  ibid,  p.  2,  pi.  IxriL  Ag,  8. 
1874.  Carao!  Jissuratus,  T.  G.  Winkler,  ArchiT.  Mns.  Teyler,  yd.  iii.  p.  299, 

pl.  vii.  fig.  4. 
1876.  Coraxjismratus,  T.  G.  Winkler,  loe,  dt,  Tol.  It.  p.  12,  pL  ii.  figs.  11,  12. 
1883.  Aneittrodon  amuUus,  W.  Damee,  Zeitschr.  dentsch.  geol.  Ges.  Tol.  xzzy. 

p.  664,  pl.  xix.  fig.  2. 

As  pointed  out  by  Dames  the  specimens  named  Corax  fissuratuB 
by  Winkler  are  truly  pharyngeal  teeth  of  a  teleostean  fish,  and 
may  thus  be  assigned  to  the  provisional  "genus"  Andatrodon. 
They  are  identified  by  Dames  with  three  teeth  from  the  Nummulitio 
Series  of  the  Dept.  Aude  and  Cuise-la-Motte,  erroneously  associated 
by  Gervais  with  teeth  of  Sargus  and  other  genera  under  the  names 
of  Sargut  ?  armatus  and  Sargus  ?  eerratus, 

PhylloduSf  sp. 

1876.  PhyUodut  JMorriei,  T.  G.  Winkler,  Archly.  Mns.  Teyler,  yol.  iy.  p.  28, 
pl.  ii.  figs.  14-18. 

Though  undoubtedly  referable  to  the  typical  Phyllodus,  the  pha- 
ryngeal dentition  described  by  Winkler  is  too  imperfectly  known 
for  specific  determination. 

1  Woodward  and  Sherbom,  "Gatalogoe  of  British  FoesU  Yertebrata"  (1890), 
p.  HI. 
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Cyhium  (?)  sp. 

1876.  Enehodu$  BUekeri,  T.  C.  Winkler,  Archiy.  Mas.  Teyler,  toI.  ir.  p.  43,  pi.  ii. 
figs.  24,  26. 

The  oomplete  dentition  of  the  Cretaceous  genus  Enchodus  being 
now  known,^  it  is  evident  that  the  teeth  named  E,  Bleeheri  are 
incorrectly  determined.  These  specimens  doubtless  pertain  to  a 
typical  Scomberoid,  and  may  be  provisionally  assigned  to  Cyhium, 
which  is  already  known  to  occur  in  the  Lower  Tertiaries  elsewhere. 

SarguBj  sp. 

A  few  anterior  teeth  exhibit  so  much  similarity  to  those  of  the 
existing  Sargus,  that  either  this  genus  or  LeihrinuB  may  be  recorded 
as  occurring  in  the  BnixelHan  Fauna.  The  genus  has  already  been 
determined  by  Agassiz'  from  the  Eocene  of  Montmartre;  and 
Oervais  *  figures  some  anterior  teeth  from  the  Nummulite-bearing 
beds  of  the  Dept  Aude. 

Trigonodon  serratus  (Qervais).     PI.  IIL  Fig.  6. 

1852.  Sargutf  aerfvtutf  P.  GeiraiB,  ZooL  et  Pal.  Fran^.,  Explio.  p.  2,  pi.  Ixvii. 
fig.  7  (nm  fig.  8). 

Very  broad  cutting  teeth  much  resembling  the  incisors  of  Sargue 
and  its  allies,  are  met  with  in  several  Tertiary  formations ;  but  they 
cannot  be  referred  to  any  known  existing  genus,  since  they  appear 
to  have  formed  only  a  single  pair  in  each  jaw.  Very  similar  teeth, 
though  somewhat  more  robust,  also  occur  in  the  Upper  Cretaceous 
of  Northern  Africa,  and  are  regarded  as  the  type  of  an  otherwise 
unknown  genus  StephanoduSj  by  von  Zittel,'  who  states  that  they 
are  associated  with  rounded  and  oval  crushing  teeth,  probably 
referable  to  the  inner  part  of  the  mouth  of  the  same  fish. 

Several  of  these  teeth  occur  in  M.  Houzeau's  collection  from  the 
Bruxellian  Eocene,  and  one  example  is  shown,  of  the  natural  size, 
firom  the  outer  and  inner  aspects,  in  PI.  III.  Fig.  6.  The  trenchant 
border  of  the  crown  is  nearly  parallel  to  its  basal  margin,  but  is 
much  longer  than  the  latter,  which  equals  in  length  the  compara- 
tively small  root  to  which  the  crown  is  firmly  united.  Each  tooth 
meets  its  fellow  of  the  opposite  side  in  a  narrow  curved  symphysis 
in  ^nt,  and  is  produced  posteriorly  into  an  acute  termination.  The 
superficial  gano-dentine  is  smooth,  but  the  trenchant  border  is 
prominently  and  delicately  crimped,  the  numerous  vertical  folds 
terminating  in  serrations,  which  soon  become  obliterated  by  wear. 
Some  of  these  teeth,  indeed,  are  worn  down  to  short  stumps,  and  it 
is  interesting  to  observe  that  the  oblique  surface  of  abrasion  first 
appears  posteriorly. 

An  extremely  worn  tooth  of  the  general  form  just  described,  from 
the  Lower  Tertiary  of  Piedmont,  is  regarded  as  the  type  of  a  genus 

1  Smith  Woodward,  "A  Synopsia  of  the  Vertebrate  FosailB  of  the  English  Chalk," 
Proc.  Geol.  Assoc,  vol.  x.  (1888),  p.  315,  pi.  i.  figs.  6,  6. 
s  L.  Agas8i2,  Rech.  Poias.  Foss.  yoI.  iv.  (1839),  p.  168,  pi.  zyiii.  fig.  1. 
»  P.  Gerrais,  Zool.  et  Pal.  Fraii9.  (1862),  pi.  Ixix.  figs.  14-16. 
<  E.  A.  Ton  Zittel,  Handb.  Pal»ont.  toI.  lii.  (1888),  p.  208. 
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Trigonodon  by  Sismonda  ;  ^  and  a  tooth  specifically  indistinguishable 
from  those  of  the  Brazellian  is  made  known  by  Gervais  from 
Cuise-la-Motte  under  the  name  of  Sargusf  serratus.  The  Middle 
Eocene  fish  under  discussion  must  thus  be  termed  Trigonodon  serralns. 
Whether  the  more  robust  and  coarsely  denticulated  character  of  the 
teeth  described  as  Stephanodua  justifies  the  recognition  of  this  latter 
genus  must  be  determined  by  future  discoveries  of  more  satisfactory 
specimens. 

The  most  elaborate  list  of  the  typical  Bruxellian  Fish-fauna 
hitherto  published  is  that  of  MM.  A.  Rntot  and  G.  Vincent,  con- 
tributed to  Mourlon's  "Geologic  de  la  Belgique"  (1880),  p.  168. 
In  conclusion,  it  may  therefore  be  of  interest  to  revise  this  enumera- 
tion of  species  in  accordance  with  the  latest  researches  : — 


Elasmobkanchii. 
Fristii  Lathami,  Galeotti. 
SquatinUf  sp. 
Myliobatit  toliapiats,  Ag. 

Dixoniy  Ag. 

Aeti^tia  irregularity  Ag. 
Cettraeum  BupoiUi^  Winkl. 
Scymnus  triiuraius  (WinklJ. 
Ginglymottoma  Thieleme  (Winkl.). 
Odontaspis  elegaru  (Ag.). 

etupidata  (Ag.). 

Oxyrhina  Desori,  Ag. 

nova,  Winkl. 

Lamna  vertiealis,  Ag. 
macrota  (Ag.). 

Vineenti  (Winkl.) 

Careharodon  heterodon,  Ag. 
Oaleoeerdo  latidens,  Ag. 

(?  ProtogeUeua)  minor,  Ag. 


ChIMuEROIDBI. 

Edaphodon  JBucklandi,  Ag. 

ICHTHTODORULITE. 

Cahrhynehtif  rectus,  Ag. 

Tblbostomi. 
Zepidoateut,  sp. 
Pycnodua  toliapieM,  Ag. 
Arius  Egertoni  (Dixon). 
Figodua  Oweni,  Owen. 
Aneistrodon  fsmratua  (Winkl.) . 
Trigonodon  terraUu  (Genr.). 
Sargusj  sp. 
Cybium  m  sp. 

Braehyrhynchua  aolidua,  t.  Ben. 
Somorhynehua  bruxellienaia,  t.  Ben. 
PhyUodua,  sp. 


The  so-called  Trigonodus  aecundua,  Winkl.,  T.  tertius,  Winkl.,  and 
Gyrodus  navictdaris,  Winkl.,  require  further  examination. 

II.  Thb  Fish-fauna  of  thb  Danian  of  Ciply. 

M.  Houzeau's  collection  comprises  teeth  and  other  remains  from 
two  horizons  in  the  Ciply  series — the  '*  Craie  brune  phosphatee  " 
and  the  overlying  remaniS  bed  known  as  the  "Poudingue  de  la 
Malogne."  Tiie  latter  is  evidently  derived,  at  least  in  great  part, 
from  the  former,  and  its  fish-remains  are  essentially  the  same. 
Seven  species  only  seem  to  be  worthy  of  special  note. 

ELASMOBRANCffIL 
Scapanorhynchus  rhaphiodon  (Agassiz). 

1843.  Lamna  (Odontaapia)  raphiodon,  L.  Agassiz,  Poiss.  Foes.  vol.  iii.   p.  296, 

pi.  xxxviia.  figa.  12-16  (wow  fig.  11). 
1889.  Scapanorhynchus  rhaphiodon,  A.  S.  Woodward,  Catal.  Foss.  Fishes  Brit.  Mus. 

pt.  i.  p.  353. 

As  proved  by  the  beautifully  preserved  species  from  the  Upper 
Cretaceous  of  Mount  Lebanon,  it  is  impossible  to  determine  the 

1  E.  Sismonda,  Mem.  E.  Accad.  Sci.  Torino  [2],  toI.  x.  (1849),  p.  26. 
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species  of  Seapanorhynchua  merely  by  isolated  teeth ;  and  the  attempt 
made  by  the  present  writer  in  the  work  cited  to  assign  limits  to 
S,  rhaphiodon  is  thos  only  provisional.  However,  teeth  indistinguish- 
able from  those  usually  named  S.  rhaphiodon  occur  at  Giply,  and 
the  species  may  therefore  be  recorded. 

It  seems  most  probable  that  the  teeth  from  Ciply  described  as 
Odontaspis  ("  Lamna  ")  degans  by  MM.  Houzeau,  Briart,  and  Rutot,^ 
also  pertain  to  Scapanorhynchus.  The  present  writer  has  only  seen 
the  detached  dental  crowns,  and  they  certainly  bear  much  resemblance 
to  those  of  the  well-known  Lower  Tertiary  species ;  but  these  are 
insufficient  to  establish  as  a  fact  the  range  of  a  species  of  Shark 
from  the  Danian  to  the  Lower  Miocene.  Very  similar  teeth  from 
France  and  the  United  States  have  also  been  described  under  the 
names  of  Lamna  Trigeri '  and  Lamna  texana,^  The  so-called  Lamna 
elegans  from  the  Upper  Cretaceous  of  Scandinavia  is  proved  to  be 
erroneously  determined  by  the  circumstance  that  the  inner  face  of 
the  teeth  is  smooth.^ 

OdonUupis  Bronnt,  Agassiz. 

1843.  Lamna    (Odontaspis)    Bnmni^   L.   AgasuZi   Poi».  Foss.  toI.  iii.  p.   297» 

pi.  ZXXTU0.  figs.  S-10. 
(?)  1843.  Otodus  serratus,  L.  Agassiz,  ibid.  p.  272,  pi.  xxzii.  fiffs.  27,  28. 
1852.  Otodus  and  Lamna^  P.  GerFais,  ZooL  et  Pal.  Fran^.  pi.  Ixxn.  figs.  6,  8. 

1889.  Odontaspis  Bronni^  A.  S.  Woodward,  Catal.  Foss.  Fishes  Brit.  Mus.  pt.  i. 

p.  360. 

1890.  Odontaspis  acuta,  J.  W.  Davis,  Trans.  Roy.  Dublin  Soc.  [2],  vol.  It.  p.  387, 

pi.  xxxviii.  figs.  21-24. 

This  is  a  well-characterized  species,  so  far  as  the  dentition  is  con- 
cerned, occurring  in  the  uppermost  Cretaceous  horizons  of  France, 
Holland,  and  Southern  Scandinavia,  and  abundantly  represented  in 
the  Lower  Danian  of  Ciply.  An  allied  form  also  seems  to  occur 
in  the  Oamaru  System  of  New  Zealand,  llie  great  interest  of  the 
species  consists  in  the  fact,  that  its  teeth  differ  very  slightly  from 
those  of  Odontaspis  Butoti  met  with  in  the  Lower  Eocene  both  of 
Belgium  and  Kent.  It  thus  affords  another  instance  of  the  striking 
similarity  existing  between  the  latest  Mesozoic  and  the  earliest 
Tertiary  fish-remains. 

Odontaspis  Houzeam,  sp.  nov.    PI.  IIL  Figs.  7,  8. 

Teeth  with  slender,  sharply-pointed  crown  and  robust  root ;  outer 
coronal  face  flattened,  marked  with  numerous  short  vertical  wrinkles 
at  its  base-line,  which  is  more  or  less  arcuate;  inner  coronal 
face  smooth ;  a  single  pair  of  prominent,  slender  uncinate  lateral 
denticles,  usually  with  a  rudimentary  denticle  externally;  inner 
nutritive  foramen  of  root  not  in  groove,  inconspicuous.  Anterior 
teeth    (Fig.   7)   exhibiting  well-marked   sigmoidal   curvature,   the 

^  A.  Rutot,  "Note  but  I'Extension  de  Lamna  elegansy  Ag.,  &  traTers  les  Terrains 
Cretace  et  Tertiaire,  Ann.  Soc.  G^ol.  Belg.  vol.  u.  (1876),  p.  35. 

2  H.  Coqnand,  Descript.  G^ol.,  etc..  Depart.  Charente,  vol.  ii.  (1860),  p.  98. 

3  F.  Roemer,  Kreldebild.  von  Texas  (1862),  p.  29,  pi.  i.  fig.  7. 

*  J.  W.  Davis,  Trans.  Roy.  Dublin  Soc.  [2],  vol.  iv.  (1890),  p.  398,  pi,  3d. 
figs.  11-17. 
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internal  bulging  of  the  root  very  prominent,  and  its  branches  meeting 
at  an  obtuse  angle;  sigmoidal  curvature  and  internal  bulging  of 
root  also  retained  in  the  more  posteriorly  situated  teeth  but  less 
conspicuous. 

The  writer  has  not  observed  teeth  of  this  form  in  any  collection 
except  that  from  the  "  Craie  brune  "  of  Oiply,  and  they  are  specifi- 
cally named  in  honour  of  their  discoverer. 

Ldmna  craasa  (Agassiz).     PL  III.  Fig.  9. 

1843.  Otodua  eraasua,  L.  Agaasiz,  PoIbs.  Foes.  toI.  iii.  p.  271,  pi.  xxzri.  fij^.  29-31. 
1854.  Otodus  croMuSj  V.  Kiprijanoff,  Bull.  Soc.  Imp.  Nat.  Moscou,  pt.  ii.  p.  384, 

pi.  ii.  fi^.  4-20. 
1889.  Zamna  eraua,  A.  S.  Woodwaid,  Catal.  Fofl8.  Fiflhes  Brit.  Mob.  pt.  i.  p.  400. 

A  number  of  teeth  in  M.  Houzeau's  collection  are  indistinguish- 
able from  those  of  this  species,  and  one  fine  example  is  shown  of 
the  natural  size  in  PL  III.  Fig.  9.  The  occurrence  of  the  species  in 
the  Lower  Danian  of  Oiply  is  of  some  interest,  since  it  is  met 
with  only  in  a  much  lower  horizon  (Oenomanian)  in  the  more 
Eastern  areas  of  Bavaria  and  Bussia. 

Corax  pristodontus,  Agassiz.    PL  III.  Figs.  10-16. 

1843.  Corax  pristodontua,  L.  Agassiz,   Poiss.   Foss.  vol.  iii.  p.  224,  pi.  xzri. 

figs.  9-13. 
1889.  Corax  pristodontua,  A.  S.  Woodward,  Catal.  Foss.  Fishes  Brit.  Mns.  pt.  i. 
'     p.  423. 

llie  teeth  described  as  Corax  priatodontus  have  long  been  known 
to  characterize  nearly  all  Upper  Senonian  and  Danian  formations ; 
but  no  discovery  of  a  series  of  naturally  associated  teeth  seems  to 
have  been  hitherto  recorded.  M.  Houzeau,  however,  has  now  met 
with  fourteen  teeth  of  this  form  in  the  *'  Craie  brune  phosphatee  " 
of  Ciply  associated  in  such  a  manner  as  to  leave  little  doubt  that 
they  pertained  to  a  single  mouth.  Seven  of  the  specimens  are 
shown,  from  the  outer  aspect,  in  PL  IIL  Figs.  10-16,  and  it  is 
interesting  to  observe  how  constant  are  the  specific  characters  of  the 
teeth,  notwithstanding  their  variations  in  shape.  The  root  is  large 
in  each,  the  anterior  margin  of  the  crown  exhibits  its  gibbous 
curvature,  and  the  posterior  margin  is  always  either  destitute  of  the 
notch  so  characteristic  of  other  species  or  only  feebly  excavated. 

CHIM^ROIDEL 
Elaamodiu  Oreenoughi,  Agassiz.     PL  III.  Fig.  17. 

1843.  EUumodm  Qrmwvif   Sir  P.  £geri»n,   Proc.   Geol.   Soc.  vol.  iv.  p.   156 

(name  only). 
1843.  EUumodua  Oreenoughiif  L.  Agassiz,  Poiss.  Foss.  toL  iii.  p.  350,  pi.  xl. 

figs.  11-16. 
1891.  Elaamodua  GreeMmghi,  A.  S.  Woodward,  Oatal.  Foss.  Fishes  Brit.  Mus. 

pt.  ii.  p.  90. 

M.  Houzeau  has  discovered  in  the  '*  Poudingue  de  la  Malogne  " 
several  fragmentary  teeth  of  Elasmodtu  agreeing  not  only  in  specific 
characters  but  also  in  physical  condition  with  the  type  specimens  of 
E.  Greenoughi  in  the  British  Museum.  The  locality  and  horizon 
of  this  species  are  thus  demonstrated  for  the  first  time  by  the  new 
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oollectioD,  and  another  genus  of  fishes  common  to  the  Upper  Creta- 
ceous and  Lower  Tertiary  is  made  known.  An  imperfect  left 
mandibular  tooth,  wanting  the  symphysis,  is  shown  of  the  natural 
size  from  the  oral  aspect  in  PI.  III.  Fig.  1 7.  It  exhibits  the  large 
pnnctate  median  tritor,  the  prominent  laminated  anterior  outer  tritor, 
and  the  series  of  small  subdivisions  of  the  posterior  outer  tritor. 

ti;ljso8toml 

Aerotemnus  auhclavatus  (Agassiz). 

1844.  Fifcnodut    tubeUwatuSy    L.   Agassiz,    Poiss.   Fofls.   Tol.   ii.    pt.   ii.   p.   198, 

pi.  kxiia.  fig.  59. 
1887.  Anomaodu*  suiclavatutf  H.  Forir,  Ann.  Soc.  G6ol.  Bolg.  vol.  ziT.  p.  26, 

pi.  i.  fig.  1. 

Numerous  detached  teeth  seem  to  be  referable  to  this  Danian 
species  of  Pyonodont,  for  which  we  follow  Mr.  Lydekker  ^  in  adopt- 
ing the  generic  name  of  Acrotemntu  (Agassiz),  that  of  {>bs/o<2tM'  being 
preoccupied.  When  separating  the  species  from  Pycnodtu  under 
a  new  generic  name,  Forir  overlooked  the  fact  that  the  Agassizian 
aiTangement  of  the  Pyonodont  fishes  had  been  revised  about  thirty 
years  previously  by  Heckel.  The  fine  right  splenial  dentition 
figured  by  Forir  is^  however,  an  important  specimen. 

In  conclusion,  the  species  from  the  Lower  Danian  of  Ciply 
represented  in  M.  Houzeau's  collection  may  be  enumerated  in  a  short 
list.  Many  more  forms  could  doubtless  be  recognized  if  the  remains 
were  less  fragmentary,  and  future  discoveries  of  teleostean  fishes 
especially  will  be  awaited  with  interest 


Elasmobranchh. 
Squatitutf  sp. 
diiradon,  sp.- 
Syneekodusy  sp. 

Scapanorhynehut  rhaphiodon  (Ag.). 
Seapanorhynehut,  sp. 
Odontaspis  Bronni,  Ag. 
Odontaspu  Hottzeaui,  A.  S.  Woodw. 
Lftmna  appendictUata  (Ag.). 
lamna  ertuta  (Ag.). 


Cwrttx  prUtodontutj  k%, 
Corax  affinisy  Ag. 

Ghimjeroidbi. 
EUumodus  Greenouyhi,  Ag. 

ICHTHYODO&ULITB. 

Cmlorhynehus  (?)  cretaeeua,  Dixon. 

Teleostomi. 
Acrotemnu8  subelaeatus  (Ag.). 
Enckodua,  sp. 


EXPLANATION  OF  PLATE  III. 

Fio.  1.  Cettraeion  Dupontiy  Winkler;  coronal  aspect  of  lateral  tooth,  twice  natural 

size.    BrnxeUian  Eocene,  Woluwe  St.  Lambert.      [P.  5921.1 
Fio.  2.  Lamna  vertiealis,   Agfusiz ;    tooth,   inner   (a),   outer   (6),  and  lateral  {&} 

aspects.    Ibid.     [P.  6916  a.] 
Fios.  3,  4.  Piaodua  Otoeni,  Owen ;  two  detached  parasphenoid  teeth,  coronal  (a)  and 

lateral  (ft)  aspects.    Ibid.     [P.  6924.1 
Fio.  6.  Ditto ;  portion  of  parasphenoid  dentition,  with  aetached  tooth  {a)  in  side 

Tiew.    Bracklesham  Beds,  Sussex.     [38827.] 
Fio.  6.  Trigonodon  serratus  (Gervai8| ;  anterior  lateral  tooth,  inner  (a)  and  outer  (b) 

aspects.   Bruxellian  Eocene,  Woluwe  St.  Lambert.   [P.  6926  a.] 
Fioe.  7,  8.  Odontaspia  Houzeaui,  sp.  noT. ;    two  teeth,  inner  (a),  outer  (ft),  and 

lateral    {c)    aspects.    Lower    Danian    (Craie    brune),    Ciply. 

[P.  6830.] 


*  Nicholson  and  Lydekker,  Manual  Paleeont.  vol.  ii.  (1890),  p.  984. 

2  J.  J.  Heckel,  Denkschr.  k.  Akad.  Wise.  Wien,  voL  xi.  (1866),  p.  202. 
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Fio.  9.  Lamna  eraasa  (Agassiz) ;  tooth,  inner  (a),  outer  (b),  and  lateral  {c)  aspects. 

Ibid.     [P.  6833  a.] 
Ftos.  10-16.  Corax  pristodontus^  Agassiz ;  associated  series  of  seyen  teeth,  outer 

aspect.    Ibid.     [P.  6827.] 
Fio.  17.  £Uumodus  Gremoughif  Agassiz;   imperfect  left  mandihular  tooth,  inner 

aspect.     Lower  Danian  (roudinirue  de   la  Malotme),   Ciply. 

[P.  6837.] 
Fio.  18.  Bottosaurtu  belfficuSy  sp.  noT. :  crown  of  hinder  tooth,  coronal  (a),  external 

or  internal  {&),  anterior  or  posterior  {e),  and  inferior  (d)  aspects. 

Lower  Danian  (Craie  hrune),  Ciply.    [R.  1802.] 

Except  Fi^.  1,  all  the  drawings  are  of  the  natural  size.  The  specimens  are  in 
the  British  Museum,  and  the  numbers  in  square  brackets  refer  to  the  Register  of  the 
Geological  Department. 

IIL — Note  on  a  Tooth  op  an  Extinct  Alligator  (Bottosaurus 

BBLQJCC/S,  Sp.nOV.)  FBOH  THE  LOWBR  DaNIAN  OF  GiPLT,  BELGIUM. 

By  A.  Smith  Woodward,  F.G.8.,  F.Z.S. 
(PLATE  III.  Fio.  18.) 

AMONG  the  vertebrate  remains  discovered  by  M.  Houzeau  de 
Lehaie  in  the  "  Craie  brune  phosphatee  "  of  Ciply,  is  the  crown 
of  a  large  tritoral  tooth,  of  unusual  form  and  somewhat  difficult  of 
determination.  A  study  of  the  reptilian  teeth  from  the  New  Jersey 
Greensand  in  the  Philadelphia  Academy  of  Sciences  has,  however, 
suggested  to  the  writer  a  plausible  explanation  of  the  specimen  ; 
and  a  brief  notice  of  its  characters  may  perhaps  lead  to  the  discovery 
of  more  satisfactory  evidence  of  the  animal  to  which  it  pertains. 

As  shown  by  the  figures  (PL  III.  Figs.  ISa-d.),  which  are  of  the 
natural  size,  the  tooth  is  longer  than  its  maximum  breadth,  tapering 
at  the  extremities,  without  a  longitudinal  keel,  and  covered  by  dense 
dark  enamel,  which  is  nearly  smooth,  exhibiting  only  a  faint  trans- 
verse rugosity.  One  extremity  of  the  crown  is  more  elevated  than 
the  other,  and  the  median  portion  is  slightly  raised  above  both  these 
points.  At  each  of  the  three  elevations  the  surface  enamel  is  worn 
off,  thus  exposing  the  softer  light-coloured  dentine.  In  basal  view 
(Fig.  18d)  the  dentine  is  shown  to  consist  of  two  or  three  super- 
posed cones. 

There  being  apparently  no  piscine  dentition  with  which  such  a 
tooth  can  be  compared,  it  is  necessary  to  refer  to  the  Reptilia ;  and 
among  these  the  posterior  teeth  of  the  Alligators  seem  to  present  the 
most  striking  resemblances.  In  the  fossil  Alligators  of  the  Lower 
Tertiaries  the  short  tumid  crowns  of  the  hinder  teeth  are  often 
found  detached  from  the  root,  while  they  differ  only  from  the  fossil 
now  under  discussion  in  their  much  smaller  size,  the  absence  of 
lateral  eminences,  and  the  presence  of  at  least  a  short,  feeble, 
longitudinal  keel.  In  a  supposed  Upper  Cretaceous  Alligator,  how- 
ever, of  which  the  type  species  is  comparatively  large,  the  posterior 
teeth  agree  much  more  closely  both  in  size  and  form  with  the  Ciply 
specimen ;  and  it  seems  reasonable  to  predict,  from  an  examination 
of  this  fossil,  that  good  evidence  of  a  member  of  the  Alligator-group 
will  eventually  be  found  in  the  Upper  Senonian  or  Danian  of 
Western  Europe.     Bottosaurus,  as  the  imperfectly  known  genus  in 
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question  is  termed,^  baa  hitherto  been  met  with  only  in  the  Upper 
Cretaceous  of  the  United  States;  and  there  is  so  much  agreement 
between  the  teeth  of  the  typical  B,  Harlani  (Meyer) '  of  the  New 
Jersey  Greensand  and  the  tooth  now  described,  that  the  latter  may 
be  provisionally  recorded  as  Bottosaurus  belgictu.  So  far  as  the 
writer's  observations  have  extended,  this  is  characterized  by  the 
presence  of  a  small  eminence  at  each  end  of  the  dental  crown, 
and  the  sharply-rounded — not  keeled — form  of  its  median  longi- 
tudinal line. 


IV. — Note  on  Specimens  of  Chebtt  Siliceous  Rock  from  South 

Australia. 
By  George  Jenninos  Hinde,  Ph.D.,  P.G.S. 

SOME  specimens  of  Cherty  rock  forwarded  to  England  for  deter- 
mination some  years  since  by  Mr.  H.  Y.  L.  Brown,  F.G.S., 
Grovemment  Geologist  of  South  Australia,  have  lately  been  submitted 
to  me  for  examination  by  my  friend  Dr.  H.  Woodward,  P.R.S.,  and 
their  structure,  as  shown  in  thin  sections,  seems  to  me  sufficiently 
interesting  to  be  recorded.  The  specimens  in  question  are  of  a 
light-  or  yellowish-grey  tint,  with  a  waxy  lustre,  in  some  portions 
compact  and  in  others  minutely  porous,  which  makes  them  light  to 
the  feel.  The  rock  is  hard,  scratching  glass  readily,  and  there  is  no 
reaction  with  acid.  Numerous  negative  casts  of  fossils  are  present 
in  it,  the  most  abundant  are  those  of  a  foliate  Polyzoon  probably  of 
the  genus  Betepora,  but  casts  of  small  turreted  Gasteropods  and 
bivalve  mollusca  are  also  not  uncommon.  In  all  cases  the  original 
calcareous  tests  of  these  organisms  have  been  dissolved  and  removed, 
leaving  impressions  of  their  form  in  the  translucent  siliceous  matrix  ; 
in  some  instances  the  casts  have  subsequently  been  filled  up  by 
silica. 

Thin  microscopic  sections  of  the  rock  show  that  minute  angular 
quartz-grains  are  scattered  throughout  the  cherty  matrix,  but  the 
principal  feature  is  the  occurrence  of  detached  sponge-spicules  which 
in  places  are  heterogeneously  crowded  together  in  the  rock.  These 
spicules  are  by  no  means  well  preserved ;  they  are  mostly  frag- 
mentary and  in  various  stages  towards  dissolution.  Where  the 
process  has  extended  furthest,  the  substance  of  the  spicule  has 
disappeared,  and  there  is  either  an  empty  cast,  or  merely  the  axial 
canal  of  the  spicule  now  infilled  with  a  dark  substance.  In  all 
parts  of  the  rock-section  the  former  presence  of  spicules  can  be 
detected,  although  it  is  only  in  certain  places  that  the  spicules  them- 
selves remain  in  their  originally  crowded  condition.  The  matrix  in 
which  the  spicules  and  quartz-grains  are  imbedded  appears  to  be 
mainly  of  amorphous  or  opal  silica,  nearly  entirely  neutral  to 
polarized  light  between  crossed  Nicols,  and  it  is  principally  in  the 
form  of  very  minute  globules  or  discs  usually  aggregated  together 

»  L.  Agassiz,  Proc.  Acad.  Nat.  Sci.  Philad.  1849,  p.  169. 

»  J.  Leidy,  Cretaceous  Kept.  United  States  (1865),  p.  12,  pi.  iv.  figs.  19-23 ; 
pi.  xviii.  figs.  11-14.  For  further  references  to  Bottosaurus ^  see  E.  D.  Cope,  Vert. 
Cret.  Form.  West  (Rep.  U.S.  Oeol.  Surr.  Territ.  toI.  ii.  1876),  p.  263. 
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so  ns  to  exhibit  a  microscopic  botryoidal  appearance,  the  globules  or 
discs  ranging  from  *01  to  '03  mm.  in  diameter.  This  globular  form 
of  opal  silica  is  similar  to  that  which  occurs  in  many  of  the  sponge- 
beds  of  the  Upper  Greensand  *  in  this  country  and  there  can  hardly 
be  any  doubt  that  in  this  Australian  Chert  it  is  due,  as  in  the  Chert 
of  this  country,  to  the  solution  and  redeposition  of  the  organio 
silica  of  the  sponge-spicules. 

The  spicules  in  the  Australian  rock  are  not  sufficiently  well  pre- 
served to  indicate  with  certainty  the  sponges  to  which  they  belonged  ; 
the  only  forms  recognizable  are  portions  of  long  slender  rod-like  or 
acerate  spicules  from  "5  to  1*4  mm.  in  length,  and  '02  to  '06  in  thick- 
ness, and  calthrop  or  four-rayed  spicules  similar  to  those  in  the 
genus  Pachastrella,  0.  Sch.  It  seems  probable  that  they  are  chiefly 
of  Tetractinellid  sponges. 

The  principal  importance  of  this  Chert  is  the  evidence  it  affords 
of  the  origin  of  this  rock  in  Australia  from  organic  sources ;  in  view 
of  the  fact  that  Chert  in  Australia  has  been  definitely  attributed  to 
chemical  deposition'  merely,  the  evidence  to  the  contrary  is  the 
more  valuable. 

The  specimens  were  collected  by  Mr.  Brown  at  Yorke's  Peninsula, 
near  Adelaide,  and  the  beds  are  believed  to  be  of  Tertiary  age. 
though,  so  far  as  1  am  aware,  their  particular  horizon  has  not  been 
ascertained. 

V. — WoOS^WARDiA^N   MVSEUM  NoTBS. 

On  Two  Abnormal  Crktaoeous  Eohinoids. 
By  T.  Roberts,  M.A.,  F.G.S. 

IN  1887  a  quadri-radiaite  EehinoeonuB  (Oalentes)  suhrotundus  from 
the  Lower  Chalk  of  Shudy  Camps,  Cambridgeshire,  was 
presented  to  the  Woodwardian  Museum  by  J.  Carter,  Esq.,  F.G.S. 
The  specimen  is  in  a  good  state  ef  preservation,  but  it  has  been 
subjected  to  a  slight  amount  of  crushing,  and  this  has  caused  (1)  the 
apex  of  the  test  to  be  pushed  backwards  to  a  very  small  extent^  and 
(2)  an  abrasion  of  the  antero-lateral  border.  It  has  the  subconoidal 
form  of  the  normal  examples  of  this  species,  but  is  subquadrate  in 
section,  and  this  is  due  to  the  fact  that  only  four  ambulacral  and 
four  interambulacral  areas  are  present,  the  fifth  area  of  both  kinds 
being  completely  wanting. 

Both  the  ambulacral  and  interambulacral  areas  are  relatively 
wider  than  those  in  a  normal  specimen  of  the  same  size,  and  the 
space  of  the  areas  that  are  wanting  appears  to  be  shared  propor- 
tionately among  the  eight  areas  that  are  present. 

The  apical  disc  is  compact  and  roughly  rectangular ;  the  outline 
of  the  individual  plates  is  not  clear,  but  the  disc  is  seen  to  be  com- 
posed of  four  perforated  basals  (genitals)  and  four  perforated  radials 
(oculars).  Even  the  basal  plate  corresponding  to  the  posterior 
unpaired  interambulacral  area  is  perforated,  which  in  normal 
specimens  is  imperforate. 

>  Phil.  Trans.  toI.  clxxv.  pt.  ii.  1885,  p.  428. 

*  Hull  and  Hardman,  Froc.  Eoyal  Soc.  toI.  xlii.  (1887),  pp.  304-310. 
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The  parts  missing  from  the  test  are  those  which  lie  on  the  left 
side  of  a  line  drawn  through  the  middle  of  the  anterior  single 
ambolacmm  and  the  posterior  unpaired  interambulacrum  ;  but  it 
is  not  possible  to  ascertain  which  of  the  paired  areas  of  this  side 
that  are  wanting,  as  the  pores  in  the  ambulacral  plates  round  the 
peristome  are  indistinctly  shown. 

Meyer  figures^  an  internal  cast  of  Galerites  albogaJerus  with  six 
perfect  ambulacral  areas;  but  I  am  not  aware  of  any  abnormal 
example  of  Echinoconua  svbrotundua  having  been  hitherto  described. 

Meyer  also  figures  and  describes  a  specimen  of  ddarts  coronatot^ 
in  which  a  complete  ambulacral  and  interambulacral  area  is  wanting ; 
but  the  apical  disc  is  not  preserved,  and  I  am  unable  to  find  out  from 
bis  figure  and  description  which  of  the  paired  or  unpaired  areas  that 
^ere  not  developed. 

In  1881  Prof.  Jeffrey  Bell  described  and  figured '  an  abnormal 
fipecimen  of  Amhlypneuatea  formosua,  in  which  the  abaotinal  surface 
shows  a  tetramerous  arrangement  of  parts,  but  indications  of 
pentamerism  are  shown  on  the  aotinal  region.  The  apical  disc, 
however,  is  normal,  i,e,  it  is  composed  of  ten  plates.  As  in  the 
Echinoeanus  under  consideration,  it  is  the  left  side  of  the  test  which 
has  undergone  change. 

A  somewhat  similar  abnormality,  i.e,  tetramerous  abactinal  and 
pentamerous  actinal  surfaces,  has  been  described*  by  Philippi  in 
Eehinu8  melo,  but  in  this  case  the  apical  disc  was  composed  of  four 
basals  and  four  radials.      Philippi  and  Bell  state'  that  it  is  the  left 


Apical  disc  of  Behinoeonut  tubrotundatui  from  Lower  Chalk,  Shudy  Campe. 
oa,  anti  ambulacnun ;  mp,  madreporite  plate ;  at,  anal  interradius. 

anterior  area  which  has  suffered  change;  but  if  the  figure  is  correctly 
drawn,  it  is  certainly  the  right  posterior  paired  ambulacral  area 
which  has  been  only  partly  developed. 

Mr.  F.  A.  Bather '  has  recently  described  a  tetramerous  Crinoid,  and 
he  gives  references  to  numerous  examples  of  abnormality  amongst 
the  different  groups  of  the  Echinodermata. 

1  NoTs  Acta  Fhysico-Medica  Leop.  Car.  Acad.  18. 1  (1886),  Tab.  xiii.  figs  «  7. 
»  Ibid.  p.  287,  Tab.  xiii.  figs.  1-6. 

*  Joarn.  Lin.  Soc.  (Zoology),  vol.  xv.  (1881),  p.  126,  pi.  y.  figs.  1-3. 
«  Arch,  fiir  Natnrges.  iii.  (1837)  p.  241,  pi.  t. 

•  JHd.  p.  242  and  loc.  cit.  p.  127.  «  Q.J.G.S.  Tol.  xIt.  p.  149. 
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In  the  collection  of  fossils  presented  some  time  ago  to  the  Wood- 
wardian  Museum  by  the  late  Montagu  Smith,  Esq.,  of  Trinity 
College,  Cambridge,  is  rather  an  interesting  specimen  of  Pellastes 
Wrightii,  from  the  Farringdon  Beds  of  Farringdon.  In  most  of  its 
characters  it  agrees  with  the  normal  examples  belonging  to  this  species, 
but  it  differs  from  them  in  possessing  twelve  plates  in  the  apical  disc. 
The  centro-dorsal  plate,  five  radials,  the  unpaired  and  the  two  left 
and  the  right  posterior  basals  are  perfectly  normal ;  but  the  right 


1.  Feltttttet   JTrighUi,  from  Greensand,  Farringdon.      m,  madreporic  plate; 

»,  supplementary  plate. 

2,  3,  4.  Echinoeonua  aulirotundus,  Shudj  Camps,  Cambridgeshire. 

anterior  basal  (madreporic)  is  smaller  than  any  of  the  other  basals, 
and  its  genital  pore  is  situated  relatively  nearer  the  inner  border  of  the 
plate  than  is  the  case  in  any  other  specimen  which  I  have  examined. 
Further,  its  inner  border  is  somewhat  concave,  whereas  in  the 
ordinary  examples  it  is  straight.  Interposed  between  the  madrepo- 
rite  plate  and  the  centro-dorsal,  and  bounded  laterally  by  the  left 
anterior  and  right  posterior  basals,  is  a  distinct  plate  which  is  roughly 
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pentagonal  in  outline.  The  line  separating  this  additional  plate 
from  the  mad  report te  is  not  one  of  fracture,  but  is  a  true  sature- 
line,  and  is  marked  by  two  pits  precisely  similar  to  those  which  are 
present  on  nearly  all  the  suture-lines  of  the  apical  disc.  In  the 
suture-line  between  this  extra  plate  and  the  centro-dorsal  there  is 
also  a  pit,  but  there  are  none  in  the  suture-lines  between  it  and  the 
left  anterior  basal  on  the  one  hand,  and  the  right  posterior  basal  on 
the  other.  The  plate  in  question  is  quite  distinct  from  the  peri- 
proctal  plates  of  the  recent  Salenia,  as  it  is  separated  from  the 
periproot  by  the  centrodorsal  plate. 

The  relative  size  and  outline  of  the  madreporite  plate,  and  the 
position  of  its  pore,  seem  to  indicate  that  the  supplementary  plate 
has  either  been  separated  from  the  madreporite  plate  at  some  early 
period  of  the  life  of  this  Echinoid,  or  that  its  presence  has  caused 
the  madreporite  plate  to  take  the  somewhat  modified  form  described 
above. 

The  only  abnormal  form  of  P^iaates  Wrightii  which  has  hitherto 
been  recorded  is  that  which  is  figured  by  Wright,^  where  the  centro- 
dorsal plate  is  stated  to  be  wanting  and  the  apical  disc  is  described  * 
as  being  composed  of  ten  plates.  The  absence  of  the  centro-dorsal 
plate  in  this  specimen,  however,  is  due  to  imperfect  preservation,  as 
the  notches  on  the  inner  edges  of  the  right  and  left  posterior  basals ' 
abutting  against  the  centro-dorsal  clearly  prove  the  former  existence 
of  a  snture-line  with  the  characteristic  pittings ;  consequently  the 
centro-dorsal  plate  must  have  been  present  at  one  time,  but  has  since 
dropped  out.  Further,  the  raised  rim  or  border  which  invariably 
surrounds  the  whole  of  the  periproct  in  the  normal  specimen,  is 
absent  on  the  anterior  half  of  the  periproct  in  the  specimen  figured 
by  Wright 

The  presence  of  a  centro-dorsal  and  a  supplementary  plate  in  the 
apical  disc  of  the  specimen  under  consideration,  indicate  a  nearer 
approach  to  that  of  Acrosalenia  than  is  shown  by  the  normal 
examples,  although  the  supplementary  plate  may  not  be  homologous 
with  any  of  the  supplemental  plates  in  the  apical  disc  of  Acrosalenia. 

VI. — Note  on  a  Grbtwibtheb  at  Bayswateb. 
By  Horace  B.  Woodward,  F.G.S. 

r  attention  was  directed  last  Christmas  to  the  cellar  of  the 
King's  Head,  in  Moscow  Road,  Bays  water.  Some  enlarge- 
ment of  the  premises  was  required,  and  the  base  of  the  cellar  was 
to  be  lowered.  About  a  couple  of  feet  beneath  the  old  floor,  the 
workmen  came  upon  a  block  of  stone,  which  resisted  all  their  efforts 
to  dislodge  it :  and  no  wonder  I  The  stone  proved  to  be  a  huge 
Greywether,  of  irregular  quadrangular  form,  measuring  9  ft.  6  in.  in 
length  and  also  in  breadth,  and  as  much  as  2  ft  8  in.  (possibly  more) 
in  thickness.  A  portion  of  one  side  appeared  to  be  a  joint-plane ; 
otherwise  the  mass   exhibited  the  ordinary  contours  of  a  concre- 

>  Cret  EcTiin.  pi.  xxx.  fig.  2.  '  Ibid.  p.  161. 

•    '  I  am  indebted  to  Mr.  Gregory  of  the  British  Miueum  of  Natural  History  for 
thk  inf  ormatioii* 
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tionary  blook  of  sandstone.  The  rock  iteelf  was  purely  siliceoas, 
and  presented  the  familiar  saccharoid  aspect  of  a  Wiltshire  Grey- 
wether.  Glean  sand  was  found  here  and  there  in  hollows  on  the 
surface  of  the  stone,  tending  to  prove  that  it  had  never  been  dis- 
turbed by  human  agency.  It  had  evidently  found  a  natural  resting- 
place  in  the  basement-portion  of  the  Thames  valley-grayel,  close 
upon  its  junction  with  the  London  Clay  ;  the  lowest  bed  reached  in 
the  cellar  being  "  stiff  loam."  These  facts  I  was  enabled  to  observe 
under  the  guidance  of  Mr.  B.  J.  Capell  (architect  and  surveyor). 

In  like  situations  near  the  base  of  the  river-gravel,  Greywethers 
have  been  found  in  many  parts  of  the  Thames  Valley.  Prof.  Morris 
has  noted  their  occurrence  near  Kew  Bridge,  and  they  have  been 
observed  at  Ealing,  in  the  Brent  Valley,  in  the  excavations  for  the 
Courts  of  Justice,  and  again  at  Ilford  and  Grays ;  but  as  Mr. 
Whitaker  remarks  the  blocks  occur  somewhat  rarely.^  Nowhere 
else,  so  far  as  I  am  aware,  has  there  been  found  in  the  Thames 
Valley  deposits,  a  block  so  large  as  the  specimen  now  discovered  at 
Bayswater. 

The  transport  of  the  larger  blocks  met  with  in  the  Thames  Valley 
deposits  has  been  attributed  by  Prof.  Prestwich  to  river-ice,  and  to 
floods  that  imparted  a  torrential  character  to  the  river.^ 

Referring  to  the  Greywethers  found  at  Grays,  Prof.  Morris 
thought  they  "  may  have  been  originally  derived  from  the  Boulder- 
clay  " ; '  and  although  Mr.  Whitaker  questions  this  explanation, 
there  is  evidence  to  show  that  such  bhx^ks  were  dispersed  during 
the  Glacial  period  over  the  country  north  of  the  Thames. 

It  is  well  known  that  over  the  Chalk  tracts  of  Buckinghamshire, 
in  the  area  between  Princes  Risborough  and  Beaconsfield,  there  is  a 
considerable  extent  of  brickearth  with  unworn  flints,  Greywethers, 
and  occasionally  pudding-stone.  The  brickearth  in  some  places  near 
Hampden  and  Bradenham  is  opened  up  for  the  sake  of  obtaining  the 
stone,  which  is  broken  up  and  shaped  iuto  small  paving-blocks, 
largely  used  at  Aylesbury  and  other  places. 

This  brickearth  is  very  closely  associated  with  the  Clay- with - 
flints,  and  may  be  considered  to  be  largely  made  up  of  the  wreck  of 
Eocene  strata  commingled  with  accumulations  of  Clay-with-flints. 
Somewhat  similar  beds  occur  on  the  Chalk  tracts  of  the  North 
Downs,  to  which  attention  has  recently  been  directed  by  Professor 
Prestwich. 

In  South  Buckinghamshire  the  brickearth  in  many  places  is 
associated  with  gravel,  and  this  is  largely  made  up  of  subangular 
flints  (derived  chiefly  perhaps  from  subaerial  accumulations),  together 
with  pebbles  of  flint  from  the  Eocene  beds,  and  qnartzites.  These 
deposits  stretch  into  Hertfoixlshire,  where  we  find  patches  of 
Boulder-clay.  In  my  notes  (made  when  mapping  portions  of  the 
area  in  1869)  *  I  stated  in  reference  to  the  Brickearth  and  Boulder- 

*  Whitaker,  Geology  of  London,  vol.  i.  pp.  330,  397,  etc. 

'  Phil.  Trans,  vol.  cliv.  pt.  2,  pp.  289,  etc.  ^  Geol.  Mao.  1867,  p.  64. 

*  See  Whitaker,  cp,  eit.  pp.  288,  289 ;  and  Prestwich,  Quart.  Jonm.  Geol.  Soc. 
Tol.  X.  pp.  123,  etc. 
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olay  that  one  '^  apparently  passes  into  the  other."  There  is  no 
evidence  to  suggest  that  the  hrickearth  and  gravel  are  newer  than  the 
main  mass  of  Bonlder-clay,  hut  it  is  possible  there  may  be  lenticular 
masses  of  Boulder-clay  in  the  brickearths  and  gravel,  as  is  known 
to  be  the  case  in  the  neighbourhood  of  Hertford.  Clear  sections, 
however,  were  wanting  in  the  neighbourhood  of  St.  Albans,  where 
I  found  it  difficult  to  draw  a  boundary-line  between  the  hrickearth 
and  the  occasional  remnants  of  Boulder-day.  In  any  case  the 
evidence  strongly  favours  the  view  that  the  gravels  and  brickearths 
(with  Greywethers)  belong  to  the  Glacial  period,  and  presumably 
to  that  portion  of  it  to  which  the  '*  Middle  Glacial "  deposits  of  East 
Anglia  are  assigned.  Last  year  I  saw  at  the  Ipswich  Museum  a 
large  block  of  Hertfordshire  pudding-stone,  which  Dr.  J.  E.  Taylor 
had  prooured  from  the  Middle  OlaciaJ  Sands  of  that  neighbourhood. 
It  was  a  block  measuring  6  feet  x  4  feet  X  1  foot  4  inches,  and 
weighing  about  1^  tons.  Floating-ice,  in  the  shape  of  an  iceberg, 
was,  in  Dr.  Taylor's  opinion,  the  means  by  which  this  block  had 
been  borne  to  its  place  of  entombment 

The  coDclusion  suggested  by  these  facts  is  that,  while  the  pudding- 
stone  and  Greywethers  originated  mainly  in  the  Reading  Beds  and 
in  the  Bagshot  Sands,  many  blocks  were  incorporated  in  the  Drift 
during  the  Glacial  period. 

To  the  Glacial  deposits,  the  Thames  Valley  gravel  owes  the 
greater  portion  of  its  constituents,  the  gravel  was  ready-made,  and 
in  pursuing  its  course  and  widening  its  bounds  the  river  ever  and 
anon  may  have  torn  away  an  accumulation  in  which  one  of  the 
Greywethers  was  imbedded.  The  evidenoe,  however,  justifies  no 
positive  assertion  with  regard  to  the  Bays  water  Grey  wether.  The 
nearest  remnants  of  Glacial  Drift  are  six  miles  dbtant ;  and  it  is 
quite  possible  that  this  particular  block  may  have  been  derived 
directly  from  an  outlier  of  Bagshot  Sands,  or  it  may  have  been  left 
as  a  relic  of  Pre-glacial  denudation  near  the  spot  where  it  has  now 
been  found. 

Til. — Notes  on  Volcanic  Paroxysmal  Explosions,  and  the 

Causes  of  Volcanic  Action.^ 

By  Thomas  Hart,   F.G.S. 

SINGE  visiting  the  Volcanic  region  of  Central  and  Southern  Italy 
in  the  autumn  of  last  year,  I  have  been  much  exercised  from 
time  to  time  as  to  some  of  the  conditions  which  produce,  and  sustain 
volcanic  activity.  It  seems  to  be  an  undoubted  fact  that  water 
coming  into  contact  with  highly  heated  rock  is  one  of  the  most 
important  requisites  to  produce,  and  sustain  a  volcanic  eruption. 
The  difficulty  has  been  to  explain  how  water  is  introduced. 

In  this  connexion  I  would  mention  that  the  principal  active 
volcanoes  of  the  world  are  in  close  proximity  to  ooetst-lines,  as 
Chimborazo,  Vesuvius,  or  inland  areas  surrounded  by  the  sea,  as 
Hecla,  Etna,  and  in  New  Zealand  ;  also  in  a  more  special  degree  in 
such  island  groups  as  the  Lipari,  Erakatoa. 

^  Bead  at  the  Britiah  Association,  Section  C  (Geology),  Leeds,  1890. 
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Modem  stearti-engine  boilers  are  now  generally  provided  with 
"  Self -acting  Injectors  "  for  supplying  them  with  water  in  preference 
to  the  pumps  formerly  used,  because  the  former  have  no  working 
parts,  and  are  not  liable  to  derangement. 

In  the  construction  of  these  Injectors  the  elastic  force  of  the  steam 
in  the  boiler  is  utilized  not  only  to  force  water  into  the  boiler  itself, 
which  it  does  by  imparting  to  it  a  considerable  velocity,  but  when 
required  to  lift  it  ten  or  twenty  feet  in  addition,  as  from  a  well.^ 
The  apparatus  may  often  be  seen  at  work  upon  most  locomotive 
engines. 

I  would  therefore  suggest  that  this  is  probably  a  principle  of  the 
conservation  of  energy  which  comes  into  play  during  volcanic 
eruptions,  the  impetuosity  of  the  current  from  below  both  carrying 
the  water  along  with  it  from  fissures  in  the  rocks,  and  giving  rapidity 
to  the  slow  movement  of  percolation. 

In  addition  to  these  forces,  as  the  water  ascends  the  pipe  of  the 
volcano,  it  will  sooner  or  later  (according  to  the  pressure)  be  con- 
verted into  steam,  and  produce  a  blast  which  will  assist  the  upward 
current  of  molten  rock,  ashes,  and  vapour. 

We  often  have  illustrations  of  this,  as  when  a  locomotive  discharges 
glowing  ashes  through  the  chimney  brought  from  the  furnace  by  au 
extra  strong  blast 

The  water  may  be  supplied  either  by  rain  percolation,  by  that  of 
the  sea,  or  by  both  combined,  as  well  as  through  natural  fissures ; 
or  in  violent  eruptions,  through  fissures  produced  by  earthquakes 
which  precede  or  accompany  explosive  volcanic  paroxysms. 

It  may  be  well  to  refer  to  the  account  of  the  great  eruption  of 
Vesuvius  in  a.d.  79,  given  by  Pliny  tlie  Younger.  He  says  : — 
**  There  had  been  noticed  many  days  before  a  trembling  of  the  earthy 
which  had  caused,  however,  but  little  fear,  because  it  is  not  unusual 
in  Campania.  But  that  night  it  was  so  violent  that  one  thofight  iha-l 
everything  teas  being  not  merely  moved,  but  absolutely  overturned.  It 
was  found  that  the  soundings  of  the  Bay  were  altered, — an  effect 
attributed  to  the  falling  masses,  but  probably  in  a  great  measure 
owing  to  an  elevation  of  the  sea- bed." 

Therefore  it  would  appear  that  the  rocks  may  have  been  so 
disturbed  by  the  preceding  earthquake  as  to  admit  water  from  the 
Bay  of  Naples  to  the  heated  rock ;  and  the  engine  of  simple 
emission  set  to  work  that  continued  with  such  terrible  results. 

Further,  it  appears  that  water  in  contact  with  highly  heated 
rock  under  enormous  pressure  may  decompose  into  its  elements, 
and  form  compounds  which  produce  fuel  to  greatly  intensify  that 
heat. 

We  have  ocular  demonstration  now  in  volcanic  districts,  as  at 
the  Solfatara  near  Naples,  also  at  Vesuvius,  that  chemical  decom- 
position of  the  rock  below  is  active,  as  witnessed  by  the  more  or 
less  pungent  and  complex  emanations  there  given  off,  and  by  the 
beautiful  crystals  there  formed  from  these  various  vapours. 

^  See  **  Injector,'*  Encyclopaedia  Britannica,  last  edition,  vol.  22,  p.  600 ;  also 
"Jet  Pump,"  EncjclopaMiia  Britannica,  vol.  12,  p.  476. 
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Id  the  address  by  Mr.  Anderson,  President  of  Section  G  at  the 
British  Association  Meeting  held  last  year  at  Newcastle,  as  to  the 
permanent  supply  of  petroleum,  he  refers  to  the  theory  of  Professor 
Mendelief  that  hydrocarbons  in  large  quantities  are  forming  now 
by  the  decomposition  of  metallic  carbides  through  the  instru- 
mentality of  the  elements  of  water,  deep  in  the  bowels  of  the  earth. 


»  S  -V  I  E  TT^^  S. 


L — Catalogub  of  the  Fossil  Fishks  in  the  Brttibh  Mubsuk 
(Natural  History).  By  Arthur  Smith  Woodward,  F.G.8., 
F.Z.S.    Part  II.     (1891.) 

ONLY  two  years  have  passed  since  the  publication  of  the  first 
part  of  Mr.  A.  Smith  Woodward's  Catalogue  of  the  Fossil 
Fishes  in  the  British  Museum,  and  now,  in  an  almost  incredibly 
short  space  of  time,  we  have  the  second  presented  to  us,  a  goodly 
-volume  of  567  pages  and  illustrated  by  sixteen  plates.  The  scientific 
public,  as  well  as  the  author,  is  to  be  congratulated  on  the  progress 
of  this  work,  which  is  calculated  not  only  to  be  of  the  greatest  value 
to  all  curators  and  keepers  of  museums  in  arranging  and  determining 
their  collections,  but  to  specialists  themselves  in  prosecuting  further 
researches  in  the  same  subjects.  Mr.  Woodward  has  exhaustively 
ransacked  an  immense  amount  of  literature,  which  his  visits  to  other 
museums,  both  British  and  foreign,  have  enabled  him  more  thoroughly 
to  appraise,  so  that  as  a  book  of  reference  the  work  is  simply 
indispensable  to  those  engaged  in  the  study  of  fossil  ichthyology. 
But  more  than  this,  the  author  has  succeeded  in  boldly  systematizing 
in  a  more  satisfactory  manner  than  has  hitherto  been  attempted  the 
more  advanced  notions  of  classification,  which  have  been  floating 
about  in  the  minds  and  writings  of  those  engaged  in  this  and  cognate 
studies ;  and  he  has  done  it  in  such  a  way  as  to  impress  his  own 
individuality  on  the  work. 

As  regards  classification,  Mr.  Woodward  has,  as  he  acknowledges, 
derived  much  of  his  inspiration  from  Prof.  E.  D.  Cope ;  but  his 
greater  opportunities  for  making  himself  acquainted  with  fossil  forms 
has  enabled  him  advantageously  to  modify  the  arrangements  sug- 
gested by  the  "somewhat  fluctuating  "  classifications  of  the  American 
systematist,  and  some  of  the  ordinal  and  subordinal  terms  which  he 
has  adopted  from  that  source  appear  with  their  scope  materially 
changed.  We  are  not  surprised  to  find  our  old  familiar  "  Ganoidei " 
broken  np,  and  the  name  finally  discarded ;  for  this  we  have  long 
been  prepared,  and  especially  since  the  evidence  of  the  evolutional 
continuity  of  the  typical  Ganoids  with  the  Teleostei  showed  that  the 
'*  Palseichthyes  **  of  Giinther  could  not  be  maintained.  Like  Cope, 
Mr.  Woodward  adopts  as  subclasses  of  Pisces  the  Elasmobranchii, 
HolocephaH,  Dipnoi,  and  Teleoatomi,  to  which  he  adds  the  Osiracodermi 
(Cope),  including  the  Cephalaspi deans  and  Asterolepids,  the  former 
considered  by  Cope  to  be  Agnatha  and  therefore  not  fishes,  while  the 
latter  were  once  placed  by  the  same  author  among  the  Ascidians, 
though  lately  he  has  pronounced  them  to  be  possibly  Ostracoderms. 
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As  regards  the  first  four  subclasses  which  possess  a  demonstrRble 
endoskeleton  in  the  paired  limbs,  Mr.  Woodward  has  constructed  an 
interesting  table  to  express  his  view  that  in  the  evolution  of  their 
members  these  groups  form  parallel  series.  For,  as  has  been  pretty 
well  known  to  palseichthyologists  for  some  time  back,  the  views  of 
Balfour  and  Mivart  that  the  ordinary  Shark-limb  is  a  more  arcbaio 
and  less  specialized  form  than  that  of  Ceratodus  (archipterygium  of 
Gegenbaur)  is  directly  contradicted  by  palsBontology.  As  Mr. 
Woodward  well  puts  it,  ".If  in  accordance  with  the  pi-esent  teaching 
of  embryological  research,  the  paired  limbs  have  been  derived  from 
lateral  folds,  the  primitive  condition  of  these  appendages  still  remains 
undiscovered,  and  their  evolution  can  only  be  traced  from  a  com- 
paratively advanced  stage.  All  the  most  generalized  early  Palseozoio 
fishes  hitherto  met  with  exhibit  two  pairs  of  limbs  of  the  paddle-like 
form  termed  archipterygium  by  Gegenbaur,  and  subsequent 
specialization  has  resulted  in  the  gradual  atrophy  of  these  limbs 
usually  with  a  concomitant  development  of  the  fringing  dermal  rays 
(actinotrichia)."  Kecently  an  interesting  attempt  has  been  made  by 
Prof.  Anton  Fritsch  to  show  that  though  Gegenbaur  is  undoubtedly 
right  in  holding  the  modern  Shark-limb  to  be  specialized  from  the 
archipterygium,  yet  the  archipterygium  itself  may  have  been  originally 
developed  from  a  series  of  parallel  rays.*  And,  as  observed  by  Cope, 
some  remains  of  this  ancient  fin-fold  may  possibly  he  indicated  by 
the  two  ventral  rows  of  spines  in  some  Devonian  Acanthodei. 

The  present  part  contains  the  remainder  of  the  Elasmohranchii, 
the  Moloeephalif  the  isolated  Ichthyodorulites,  the  Ostraeodermi,  the 
Dipnoi,  and  a  part  of  the  Teleostomi,  including  the  Crossopterygii 
and  the  Acipenseroid  families  Falseoniscidn  and  Platysomidse. 

Elasmobbanohii. 
Here  Mr.  Woodward  follows  Liitken  and  Fritsch  in  including  the 
Acanthodei  in  this  subclass,  and  as  the  want  of  evidence  of  any 
opercular  apparatus  renders  it  probable  that  the  branchial  clefts 
opened  separately  on  the  exterior,  this  may  indeed  be  the  best  place 
to  put  them  in  the  meanwhile.  The  remarkable  deviation  from  the 
ordinary  Elasmobranch  type,  exhibited  by  their  paired  fins,  the 
author  explains  as  due  to  extreme  specialization  (abbreviation)  and 
his  idea  is  that  the  Acanthodians  '*  occupy  the  same  position  in  the 
Elasmobranch  phylum  that  is  held  at  the  present  day  by  the 
Actinopterygians  in  that  of  Teleostomi."  The  account  given  of  this 
group  is  one  of  the  most  interesting  sections  of  the  book,  and  he  gives 
an  original  restoration  of  Acanthodes  Wardif  Eg.,  which  is  a  con- 
siderable improvement  on  the  old  and  well-known  figures  of  Eoemer 
and  Liitken  {A.  Bronni)^  though  the  orbit  is  too  small,  the  peculiar 
fringe-like  contour  of  the  ventral  fin  is  not  given,  and  I  am  also 
inclined  to  hold  that  in  representing  the  fish  with  prominent  branchial 
*'  frills  "  after  the  manner  of  the  recent  Chlamydoselache  the  author 
is  going  beyond  the  legitimate  limits  of  "  restoration."  The  limita- 
tion of  the  family  term  Acanthodida  to  those  genera  with  one  dorsal 

1  «  Fauna  der  Gaskohle,"  vol.  iii  pt.  i.  pp.  44. 
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fin  and  spine  Ib  quite  right,  but  I  am  not  bo  certain  that  making  two 
separate  families  hchnaeanthida  and  Diplacanthida  out  of  those  with 
two  is  equally  justifiable.  The  only  difference  which  Mr.  Woodward 
gives  between  these  two  supposed  families  is  the  absence  of  *'  clavi- 
cular "  bones  in  the  former  and  their  presence  in  the  latter,  and  I, 
for  one,  am  at  present  perfectly  convinced  that  the  element  which 
he  calls  ''  clavicle  '*  in  Diplacanthus  is  identical  with  that  which  he 
considers  as  '*  basal  cartilage  "  in  Acanthodes  and  Isehnacanthm.  It 
seems  also  somewhat  inconsistent,  that  he  should  give  in  his  definition 
of  Diplacanthus  '*  a  pair  of  free  spines  situated  between  the  pectoral 
and  pehnc  fins,"  while  he  persists  in  rejecting  the  genus  Mesacantkus, 
which  is  distinguished  from  Acanthodes  by  the  possession  of  that 
identical  character  I 

H01.00RPHALI. 

Next  come  the  Holocephali  with  the  single  order  Ghimseroidei, 
which  is  divided  into  the  four  families  of  Ptjctodon tides,  Squalo* 
raiidsB,  Myriacanthidsd,  and  ChimssridaB.  After  these  have  been 
treated  of  we  have  a  secticMi  upon  the  isolated  Ichthyodorulites, 
some  of  which  appertained,  no  doubt,  to  Ohimseroids  as  well  as  to 
Elasmobranchs. 

OSVBACODSRMI. 

We  now  enter  a  group  of  problematical  organisms,  concerning 
whose  position,  the  analogy  of  recent  forms  affords  us  compara- 
tively little  clue  ;  these  are  the  Cephalaspides  of  Agassiz,  minus  the 
Coccosteans.  The  Coccosteans  and  Asterolepids  were  removed  by 
M'Coy  from  Agassiz's  Cephalaspides  to  form  the  order  Placodermata, 
the  remainder  were  divided  by  Lankester  into  two  well-marked 
though  allied  groups,  the  Heterostraci  and  Osteostraci,  exemplified 
by  Pteraspis  and  Cephdlaspis  respectively.  These  two  groups  form 
the  Ostracodermi  of  Cope,  who  considered  them  to  be  Agnatha,  as 
no  remains  of  lower  jaw  had  been  discovered  in  them ;  latterly  he 
hinted  that  the  Asterolepids  which  he  had  previously  assigned  to 
the  Asoidians,  as  a  group  termed  Antiarcha,  might  also  belong 
here.  This  is  the  grouping  now  adopted  by  Mr.  Woodward,  but 
he  takes  the  additional  step  of  replacing  these  creatures  among  the 
fishes,  justly  remarking,  *'That  there  were  no  hard  parts  around 
the  mouth  and  in  relation  to  paired  appendages  capable  of  being 
preserved  under  ordinary  conditions  of  fossilization  seems  to  be 
satisfactorily  demonstrated ;  but  there  is  no  justification  for  any 
farther  statement  that  jaws,  pectoral  and  pelvic  arches  were  absent" 
And  certainly  it  seems  difficult  for  any  one  to  take  into  consideration 
the  fact  that  the  plates  of  Pierichthys  are  made  of  true  bone,  to 
look  at  its  system  of  lateral  Bense-canals,  as  well  as  its  scaly  tail 
and  fins,  and  yet  to  doubt  that  it  is  really  a  fish.  Mr.  Woodward's 
comparison  of  the  structure  of  the  Asterolepids  and  Ostracostei  is  of 
great  interest,  pointing  out,  as  he  does,  the  similarity  of  the  position 
of  the  orbits  and  of  the  interorbital  pineal  plate,  the  resemblance  of 
the  scaly  tail  of  Pterichthys  to  that  of  Cephalaspis,  while  he  at 
the  same  time  finds  an  analogy  between  the  ventral  shields  of 
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some  genera  (Didymaspis,  Tremataspis)  and  the  ventral  plates  of 
Pterichthya. 

In  plates  v.  and  vi.  figures  of  the  British  species  of  Pterichthya 
are  given,  which  are  a  great  improvement  on  the  old  figures  of 
Agassiz.  In  plate  v.  ^ft,  10,  however,  the  central  plate  of  the 
lower  arm  is  lettered  "  anconeal/'  and  a  portion  of  the  terminal  one 
''  central,"  the  same  mistake  occurring  also  in  pi.  vi.  fig.  4. 

Dipnoi. 

The  Dipnoi  are  made  to  include  two  orders,  Sirenoidei  and 
Arthrodira.  The  Sirenoids,  which  are  characterized  by  their 
archipterygial  paired  fins,  and  bodies  covered  with  imbricating 
scales,  are  divided  into  the  four  families  of  Dipteridaa,  Phanero- 
pleuridsB,  CtenodontidaB,  and  LepidosirenidsB ;  but  this  arituigement 
leaves  room  for  revision,  as  Uronemua  cannot  be  included  in  the 
FhaneropleuridsB,  however  much  it  resembles  Phaneropleuron  in 
external  shape.  Under  Ctenodontidsd  a  somewhat  serious  error 
occurs  in  connexion  with  the  description  of  a  fine  cranial  shield  of 
Ctenodus  eristaius,  which  is  also  beautifully  figured  in  plate  iv. 
Here  Mr.  Woodward  states  (p.  253)  that  ''the  median  series  of 
bones  is  arranged  exactly  as  in  Acipenser  and  Folyodon.'*  The 
arrangement  does  indeed  resemble  that  in  Actpenser,  but  not  in 
Polyodofij  in  which  there  is  no  large  median  plate  at  the  back  of 
the  shield,  but  two  plates  corresponding  to  the  parietals  of  Palseo- 
niscidse  and  Chondrosteidte,  and  like  them  being  in  contact  in  the 
middle  line.  Another  mistake  occurs  on  p.  234,  in  which,  referring 
to  what  he  gives  as  the  "  upper  dental  plates  "  of  the  same  species 
(fig.  36,  No.  2),  he  says  that  they  are  ''  somewhat  inaccurately  drawn, 
the  oral  aspect  being  in  reality  concave."  But  the  fact  is  that  they 
are  quite  accurately  drawn,  but  unfortunately  represent  the  lower 
and  not  the  upper  dental  plates  of  the  species  in  question.  It  is, 
however,  fair  to  state  that  this  error  originated  with  the  late  Messrs. 
Hancock  and  Atthey,  from  one  of  whose  plates  the  figure  in  question 
is  copied.^ 

Coccosteus  and  its  allies  Mr.  Woodward  boldly  places  in  the 
Dipnoi,  where  they  form  the  order  of  Arthrodira,  which  he  considers 
to  bear  ''the  same  relation  to  the  Sirenoidei  that  the  Acanthodians 
seem  to  hold  with  respect  to  the  primitive  Elasmobranchs  (Ich- 
thyotomi)  or  the  Aotinopterygians  with  respect  to  the  primitive 
Teleostomes  (Crossopterygii)."  This  is  an  attractive  solution  of 
the  question  which  has  often  been  hinted  at  since  the  discovery  of 
Dinichthys  and  its  Lepidosiren-Vike  teeth  by  Prof.  Newberry.  It 
may  be  so,  and  though  I  myself  am  one  of  those  who  have  enter- 
tained the  idea,*  I  scarcely  feel  yet  that  the  matter  is  suflSciently 
ripe  for  definitely  raising  the  Arthrodira  beyond  the  rank  of 
*'incert(B  sedis.'*  It  may  be  that  they  were  autostylic,  as  Mr. 
Woodward  thinks  is  so  probable;  but  the  absence  of  an  osseous 

1  Ann.  and  Mag.  Nat.  Hist.  [4],  vol.  vii.  pi.  xiv. 

*  *'  It  seems  therefore  not  unlikely  that  the  Flacodermnta  will  eventnally  turn  out 
to  have  been  an  aberrant  group  of  loricated  Dipnoi." — R.  H.  Traquair,  in  Proc. 
Boy.  Phys.  Soc.  Edinburgh,  toI.  v.  p.  159  (l»79-80}. 
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hjomandibular  is  no  sure  evidence  that  it  did  not  eziRt  in  a  cartila- 
^nous  condition.  An  important  discovery  is  that  of  basal  elements 
of  a  ventral  fin  in  Coccoateus,  which  does  not  seem  to  have  been 
archipterygial,  but  abbreviate,  and  though  this  in  the  minds  of 
some  would  militate  against  these  forms  being  classified  with  the 
Dipnoi,  it  is  in  accordance  with  Mr.  Woodward's  theory  of  their 
evolutional  relationship  to  the  Sirenoidei.  It  is  satisfactory  that 
the  author  gives  no  countenance  to  Prof,  von  Eoenen's  idea  that 
a  pectoral  limb  may  yet  be  discovered  in  Coccosteus  deeipiens, 

Teleostohi — Cbossoptbbtgii. 

Mr.  Woodward  subdivides  the  Teleostomi  into  Crossopterygii  and 
Actinopterygii ;  the  former  including  the  Rbipidopterygii  of  Cope, 
the  latter  the  Podopterygii  of  the  same  author. 

The  Crossopterygii  are  divided  into  Haplistia,  Hhipidistia,  Actinis- 
tia  and  Cladistia.  The  Haplistia  are  not  however  the  Haplistia  of 
Cope,  who  established  the  order  for  the  Dipnoan  Phaneropleuron, 
for  instead  of  it  we  have  the  problematical  Tarrasiidas,  whose 
relationship  to  the  Crossopterygii  I  have  myself  indicated  in  a 
recent  paper,  though  I  am  far  from  believing  that  the  question  of 
its  position  is  in  any  way  settled,  and  indeed  Mr.  Woodward  only 
places  Tarrasius  here  provisionally.  It  certainly  has  an  obtusely 
lobate  pectoral  fin,  which  I  had  the  pleasure  of  pointing  out  to 
Mr.  Woodward  during  a  visit  which  he  paid  to  Edinburgh  in  the 
spring  of  last  year. 

In  the  Rhipidistia  Cope  included  only  the  Bhizodont  genus 
TrisHchoptervs,  which  was  thus  removed  from  its  own  family,  the 
other  members  of  which  he  joined  with  the  Holoptychiidas  and 
OsteolepidsB  into  another  order,  that  of  the  Taxistia.  Very  properly 
Mr.  Woodward  fuses  those  two  orders,  for  which  he  adopts  the  name 
Rhipidistia,  containing  the  families  Holoptychiidas,  Rhizodontidss, 
OsteolepidsB  and  OnychodontidsB.  This  is  indeed  a  natural  group, 
for  though  the  Holoptychii  differ  in  some  salient  points  from  the 
other  families  here  associated  with  them,  they  are  also  bound  to 
them  by  obvious  points  of  similarity  which  cannot  be  overlooked. 
Mr.  Woodward  adopts  the  view  which  I  have  so  repeatedly  main- 
tained, that  the  Dendrodonts  and  Holoptychians  are  one  and  the 
same  thing ;  but  he  does  not  clearly  express  the  difference  between 
the  Dendrodont  and  Rhizodont  type  of  tooth  structure.  Also  when 
he  says  that  in  the  Rhizodontidad  the  vertical  infoldings  of  the  walls 
of  the  teeth  are  *'  comparatively  few  and  simple,"  and  in  the  Osteo- 
lepidsB  only  slightly  infolded  at  the  base,  surely  he  cannot  have 
examined  sections  of  the  base  of  the  teeth  in  the  larger  genera  of 
both  families,  such  as  Rhizodus  or  Megalichthys,  in  which,  simple 
though  the  folds  may  be  at  the  commencement  of  the  external 
fiuting,  as  they  pass  down  to  the  root  of  the  tooth  they  assume  a 
complexity  which,  especially  in  Rhizodus,  is  absolutely  wonderful 
as  well  as  beautiful,  though  the  vertical  tubes  formed  by  this  in- 
folding never  form  an  interlacing  network  as  in  the  Dendrodont 
type. 
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In  the  family  Onychodontidss  is  included  the  singular  genus 
OnyehoduB,  in  whioh  a  soroU-like  syniphysial  tooth-bearing  element 
is  present,  and  concerning  which  it  is  much  to  be  desired  that  further 
details  may  soon  be  discovered. 

The  Actinistia  (Cope)  include  the  single  family  of  Codlacanthid», 
of  which  a  concise  account  is  given.  Under  Oladistia  (Cope)  we 
have  the  recent  family  of  Polypteridss,  as  yet  unknown  in  a  fossil 
state.  Certainly  Polyptenu  differs  in  many  salient  points  from  the 
known  fos8iI  Crossopterygii,  and,  as  Mr.  Woodward  remarks,  "The 
di-  or  tri'basal  character  of  the  pectoral  fine  in  conjunction  with 
other  features  may  perhaps  justify  the  recognition  of  this  group  as  a 
distinct  order." 

AOTINOPTEBYOII. 

Under  **  Chondrostei "  our  author  includes  the  Podopterygii  of 
Cope  (Acipenseridae,  PolyodontidsB,  Chondrosteidae),  plu»  the  Palaeo- 
niscidss,  Platysomidss,  CatopteridsB,  and  BelonorhyncbidsB. 

It  is  certainly  satisfactoty  to  myself  that  Mr.  Woodward  has 
adopted  the  placing  of  the  PaleeoniscidflB  and  Platysomidn  with  the 
Sturgeons,  which,  since  I  proposed  it  in  1877,*  has  hitherto  for  the 
most  part  been  either  opposed  or  ignored.  In  his  conception  of 
the  group,  however,  he  does  not  place  much  stress  on  the  peculiar 
heterocercy  of  the  tail,  but  more  on  the  excess  in  number  of  the 
dermal  rays  of  the  me<lian  fins  over  that  of  their  supporting 
ossicles  (baseosts),  and  henoe  he  admits  into  it  the  semihetero- 
cereal  Catopieridm,  and  the  abbreviate-diphyceroal  BelonorhynehidcBy 
previously  considered  to  belong  rather  to  the  Lepidostoid  series. 
Certainly  the  Palieoniscus-like  aspect  of  the  dorsal  and  anal  fins  of 
Catopterus  is  extreme.  In  the  brief  definition  of  the  Polyodontidsd, 
p.  42d,  he  gives  as  a  character  that  the  cranial  shield  has  a  ''  median 
azygous  series  of  bones,"  but  I  have  already  under  Dipnoi  pointed 
out  that  there  is  no  median  plate  at  the  back  of  the  skull  in 
Polyodon,  as  in  Acipenser,  though  further  on,  between  the  frontals, 
there  commences  a  longitudinal  series  of  four  small  ones  extending 
to  the  extremity  of  the  paddle-like  snout,  and  which  doubtless 
represent  the  single  large  median  super-ethmoid  of  Palaoniseus. 

In  treating  of  the  PalsBoniscidss  the  author  gives  a  useful  synopsis 
of  the  genera  comprised  in  this  extensive  family,  which  he  describes 
as  **  a  provisional  attempt  to  follow  the  lines  of  evolution."  I  quite 
agree  with  him  that  the  obliquity  of  the  suspensorium  is  a  mark  of 
specialization,  and  that  such  genera  as  Canohius  and  Eurylepis  are 
in  this  respect  more  primitive  than  others  such  as  Cheirolepis  or 
PygopteruSf  in  which  it  is  extremely  oblique.  So  likewise  is  the 
tendency  of  the  scales  to  pass  from  the  rhombic  to  a  circular  and 
deeply  imbricated  form,  as  in  Cryphiolepis  and  Coccolepis ;  in  fact 
the  scales  of  the  former  genus  become  so  nearly  absolutely  cycloidal 
that  when  I  first  came  upon  them  I  referred  them  to  Calacanthus, 
In  a  similar  light  is  to  be  viewed  the  degeneracy  of  the  squamation  in 
Fhanerosteon,  in  which  the  scales  over  the  greater  part  of  the  body 

^  "  Carboniferous  Fishes"  (Mon.  Palsont.  Soc.). 
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absolutely  disappear ;  but  whether  the  more  advanced  position  of 
the  dorsal  fin  in  some  cases  than  in  others  is  also  to  be  considered  as 
a  mark  of  specialization  requires  further  consideration. 

The  PlatysomidsB,  which  Mr.  Woodward  calls  "  Platysomatidea " 
finish  the  Tolume,  and  are  handled  with  the  same  care  which 
characterizes  the  whole  of  the  work.  Of  Dorypterus  the  author 
remarks  that  it  is  '*  here  regarded  as  a  highly  specialized  ally  of  the 
family  destitute  of  squamation  on  the  flanks."  In  this  he  is  un- 
doubtedly right,  but  it  is  much  to  be  regretted  that,  owing  to  the 
great  rarity  of  this  remarkable  fish,  nothing  definite  is  as  yet  known 
of  its  crania]  structure. 

It  would  be  impossible  within  the  limits  of  a  review  to  enter  into 
questions  as  to  the  retention  or  rejection  of  various  genera  and 
species.  As  regards  the  fishes  of  the  Scotch  Old  Ked  Sandstone  I 
am,  however,  pleased  to  find  that  Mr.  Woodward  acquiesces  in  the 
extensive  slaughter  of  pseudo-species  which  I  proposed  in  this 
Magazine  a  little  more  than  two  years  ago.  These  and  other  things 
too  can  only  be  discussed  by  the  writers  of  future  memoirs  dealing 
specially  with  the  matters  concerned. 

A  word  now  as  to  nomenclature.  I  am  sorry  to  see  that  Mr. 
Woodward  adheres  to  the  present  fashionable  craze  of  writing  all 
specific  names  with  a  small  initial  letter,  even  when  they  represent 
the  names  of  persons.  It  is  really  no  compliment  to  any  one  to 
have  a  species  called  after  him,  if  he  is  to  find  his  name  spelt  in  so 
grotesque  a  fashion. 

Mr.  Woodward,  instead  of  the  classically  correct,  but  decidedly 
caoophonio  "  Osteolepididse  "  and  "  Asteroiepididaa,"  uses  "  Osteo- 
lepidae"  and  "  Asterolepidae" — "from  the  point  of  view  of  euphony." 
Why  then,  instead  of  **  Platysomidae,"  does  he  write  "Platy- 
BomatidaB,"  which  sounds  nearly  equally  badly,  while  the  change 
seems  to  me  more  than  wholly  uncalled  for  ?  It  is  true  that  trw/uia, 
a  body,  has  for  its  genitive  awfrnto^,  but  the  name  of  the  type  genus 
of  this  family  is  not  *'  Flatysoma"  but  Flatysomus,  and  though 
Agassiz  in  compounding  this  name  used  two  Greek  words,  the 
latter  of  which  was  a  neuter  substantive,  he  made  out  of  them,  as 
he  was  quite  entitled  to  do,  a  new  Latin  masculine  word,  and  there- 
fore "  PlatysomidsB  "  is  perfectly  correct. 

On  the  same  principle  I  devised  some  new  generic  names  such  as 
Microhrachius,  EucteniuSf  Cynopodius,  and  I  am  curious  to  know  why 
Mr.  Woodward  has  altered  the  first  of  these  into  ** Microbrachium" 
If  it  is  because  the  Latin  for  **  arm "  is  hrachium  and  the  Greek 
fipaxiwvy  then  surely  to  be  consistent  he  ought  to  write  not  only 
Platysoma,  but  also  Gyraeantha,  Oraphiura  and  Amblypterum !  for 
certainly  in  my  Greek  dictionary  the  words  for  thorn,  tail,  and  wingf 
respectively,  are  if  dxavOa,  ^  ovpa,  and  to  irrepov. 

The  sixteen  lithographic  plates  are  from  the  accomplished  pencil 
of  Miss  G.  M.  Woodward,  and  it  is  impossible  to  speak  in  too  high 
terms  of  their  excellence  as  well  as  works  of  art  as  illustrations  of 
scientific  fact 

B.  H.  Tbaquaib, 

SIOAOB  in. — ^TOl.  VIII.— KO.   UI.  9 
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11. — Notes  on  the  Geology  of  Atbshirb.    By  James  Lthdsat, 
M.A.,  B.D.,  B.So.,  P.G.S.     8vo.  pp,  31.     (Glasgow,  1890.) 

IN  this  pamphlet  the  author  gives  a  summary  of  what  is  known 
about  the  geology  of  Ayrshire,  and  points  out  many  leading 
faots  that  are  of  general  geological  interest  and  significance. 
Prof.  Lap  worth's  researches  on  the  Girvan  rooks  naturally  claim 
especial  attention,  and  the  various  fossiliferous  stages  in  these 
Ordovician  and  Silurian  rocks  are  duly  noted.  The  Ballantrae  rocks 
have  yielded  a  Graptolitic  fauna  believed  to  be  of  Arenig  age,  but 
many  of  the  rocks  so  grouped  may  be  of  earlier  age.  Above  them 
oorae  the  Girvan  rocks  ranging  from  Llandeilo-Bala  to  Wenlock, 
while  rocks  probably  belonging  to  the  Ludlow  Series  are  also 
noticed.  The  Lower  Old  Red  Sandstone  yielding  Cephalaspis 
LyeUif  and  the  Upper  beds  with  M^oloptychiuB  and  FterickihySy  are 
represented  in  Ayrshire ;  but  the  beds  on  the  whole  contrast  strongly 
in  their  comparatively  barren  character  with  the  older  fossiliferous 
rocks.  The  author  (quoting  Dr.  A.  Geikie)  mentions  the  occurrence 
in  the  heart  of  the  Old  Red  Sandstone  series  of  Arran,  of  marine 
limestone-bands  containing  Carboniferous  Limestone  fossils;  thus 
proving  that  prior  to  the  termination  of  the  Upper  Old  Red  Sand- 
stone, the  fauna  of  that  Limestone  already  existed  outside  the  area. 
Nevertheless  we  find  a  development  of  Calciferous  Sandstones  at 
the  base  of  the  Carboniferous  Limestone ;  and  this  Limestone  is 
represented  with  lower,  middle,  and  upper  divisions,  underlying  the 
Coal-measures.  The  lower  limestone  swells  out  to  100  feet  thick, 
and  is  the  most  massive  bed  of  limestone  in  any  part  of  the  Scottish 
Carboniferous  system.  The  leading  fossils  of  the  divisions  are 
mentioned,  and  in  the  central  poi-tion  come  the  black-band  ironstone 
and  some  coal-seams. 

The  Permian  strata,  the  Volcanic  rocks,  and  the  Drift  accumulations 
also  receive  due  attention.  Thus  we  may  commend  this  little  work 
to  all  who  seek  acquaintance  with  the  geology  of  Ayrshire. 


III. — Contributions  to  the  Tertiary  Fauna  of  Florida,  with 

ESPBOIAL   RbFERENOE    TO    THE  MiOGENE    SiLEX-BEDS   OF  TaMPA, 

AND  THE  Pliocene  Beds  of  the  Caloosahatohie  River.  Part  L 
By  W.  H.  Dall,  A.M.  (Trans.  Wagner  Free  Inst,  of  So.  of 
PhUadelphia,  Vol.  III.  (1890),  pp.  1-178,  12  plates.) 

THIS  memoir  deals  almost  exclusively  with  the  Pulmonate, 
Opisthobrancbiate  and  Orthodont  Gasteropods  of  the  Upper 
Tertiaries  of  Florida.  The  author  states  that  he  hopes  it  *'  will 
make  a  beginning  in  the  direction  of  a  better  and  more  natural 
classification  of  our  (American)  Tertiary  molluscs,  and  of  a 
clearance  of  the  ground  of  synonyms,  erroneous  identifications, 
and  other  misoonceptions."  Mr.  Dall's  knowledge  of  recent  and 
fossil  Gasteropods,  not  only  of  the  American  continent,  but  of  Europe 
and  other  parts  of  the  world,  has  been  of  immense  service  to  him 
in  dealing  with  the  present  subject,  as  is  evinced  by  the  astute 
criticisms  with  which  the  memoir  is  enriched. 
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The  greatest  interest,  perhaps,  oentres  round  the  VoltUida,  where 
the  origin  of  the  oolumellar  plications,  their  obliquity,  number  and 
form,  and  the  characters  of  the  nuclei  are  set  forth  at  great  length  ; 
forming  a  most  important  oontribution  to  our  knowledge  of  the 
morphology  of  this  group,  and  which  ccmnot  fail  to  become  classical 
material.  The  author  states  :  **  The  indications  are  pretty  clear  that 
from  the  Mesozoio  FuMa  are  descended,  on  the  one  hand  Tudida, 
Fulgur^  Ihseiolaria,  and  Latirus;  and  on  the  other  Volutomorpha, 
VdHtcderma,  Volutilithes,  Lyria,  Valuta,  CariceUa,  Seaphella,  Aurinia, 
Turbinella  proper  and  Fa«ttm." 

Considering  the  extensive  range  of  the  monograph,  there  are  very 
few  slips.  We  may  point  out,  however,  that  the  sub-genus  Subularia, 
Monterosato.  1884,  should  be  substituted  for  Leiostraea,  H.  and  A. 
Adams,  1853  (non  Albers,  1850).  The  genus  Tritonium,  Link,  1807, 
should  disappear,  that  name  having  previously  been  employed  by 
Muller,  1776,  for  a  different  mollusc ;  whilst  Na%$ar%a,  Link,  1807, 
fide  H.  and  A.  Adams,  1853  (nan  Dumeril,  1806),  should  be  replaced 
by  Ifindsia,  Adams,  1850. 

Ancillaria,  Lamarck,  1810,  is  synonymous  with  Ancilla,  Lamarck, 
1799,  and  the  latter  name  should  therefore  be  preferred.  Tomatina, 
Adams,  1850,  should  take  the  place  of  UtrictUtu,  Brown,  1845  (non 
Schumacher,  1817).  The  name  Polygyra  cereolua  mierodorUa,  Dall, 
is  barely  in  accordance  with  the  rules  of  nomenclature. 

The  author  is,  notwithstanding,  to  be  sincerely  congratulated  on 
the  production  of  a  monograph  of  such  unquestionable  value,  the 
like  of  which  has  certainly  never  before  appeared  in  the  United 
States.  We  anxiously  await  the  publication  of  Part  II.,  which 
will  contain  descriptions  of  the  remainder  of  the  Gasteropoda,  the 
Soaphopoda  and  the  bivalves.  O.  F.  H. 

IV.  —  Thb  Atttobiooraphy  of  the  Eabth.  By  Eev.  H.  N. 
Hutchinson,  B.A.,  F.Q.S.  Small  8vo.  pp.  290,  (London, 
Edward  Stanford,  1890.) 

THIS  little  volume  is  a  popular  exposition  of  geology  intended  for 
the  use  of  general  readers,  to  whom  ordinary  text-books  are 
"  dry,  uninteresting,  and  even  quite  unintelligible."  Within  the 
space  of  300  pages  all  the  principal  features  both  of  physiography 
and  stratigraphy  are  discussed,  beginning  with  the  nebular  theory 
and  terminating  with  the  advent  of  man ;  and,  notwithstanding  the 
brevity  and  condensation  which  the  treatment  of  so  vast  a  subject  in 
such  limited  space  entails,  Mr.  Hutchinson  is  to  be  congratulated  on 
the  manner  in  which  he  succeeds  in  converting  bare  statements  of 
fact  and  theory  into  pleasant  and  entertaining  gossip.  One  leading 
feature  of  the  book  is  the  care  bestowed  by  the  author  in  explaining 
the  methods  by  which  many  of  the  broad  conclusions  of  the  geologist 
have  been  attained ;  while  another  feature  tending  to  popularize  the 
subject  and  render  it  intelligible  is  the  manner  in  which  the  operations 
of  the  various  geological  agents  are  treated  successively  amid  strati- 
graphical  considerations,  as  the  different  rock-structures  requiring 
explanation  are  encountered. 
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It  is  difficult  for  one  accustomed  to  the  literature  of  geology  and 
palaeontology  to  judge  how  far  the  present  volume  will  meet  the 
popular  demand ;  but  we  are  inclined  to  think  that  in  some  cases 
the  use  of  imperfectly  defined  technical  terms  and  expressions  will 
present  difficulties  to  the  general  reader.  The  occasional  indis- 
criminate use  of  synonymous  terms  {e,g.  Carboniferous  Limestone 
and  Mountain  Limestone)  without  explanation  also  seems  unfortunate ; 
and  it  would  be  well  to  attend  to  these  points  in  a  subsequent 
edition.  On  the  other  hand,  for  a  compilation  extending  over  so 
wide  a  field  the  work  before  us  is  remarkably  free  from  errors,  and 
all  the  mistakes  worthy  of  note  seem  to  be  confined  to  palsdontological 
and  zoological  subjects.  Brachiopods  and  Polyzoa  are  very  far 
from  being  MoUusca,  as  the  author  regards  them  ;  and  the  origin  of 
the  name  *' Foraminifera  *'  is  inaccurately  stated  on  p.  98.  The 
Devonian  "  dicotyledon  "  (p.  86)  admits  of  a  more  reasonable  inter- 
pretation than  that  originally  suggested  by  Sir  William  Dawson ; 
and  the  Carboniferous  fruit  "  migonocarpon  "  ought  to  be  "  trigono- 
carpon."  Several  Brachiopods  are  mentioned  on  p.  96  as  if  they 
were  Corals ;  and  the  first  appearance  of  "  Sharks,"  as  generally 
understood,  is  not  in  the  Jurassic  (p.  204),  but  in  the  Upper  Silurian. 
European  Cretaceous  Mosasaurs  are  more  numerous  than  the  author 
supposes  (p.  235) ;  and  the  Eocene  Snake,  Pal^ophi$,  is  far  from 
being  a  Boa-constrictor  (p.  242).  There  are  also  several  misprints, 
such  as  JByperodopedon  for  Hyperodapedony  Notosaurus  for  Nothosaurue, 
SimoHophi8  for  CimoliephiSy  and  Unitaiherium  for  Uintatherium. 
These,  however,  are  small  matters,  and  we  only  call  attention  to 
them  in  view  of  a  second  edition,  which  ought  soon  to  be  required. 
As  a  reliable  and  entertaining  introduction  to  the  subject  of  which  it 
treats,  the  work  is  a  valuable  addition  to  popular  scientific  literature. 

Y. — A     BiBLIOOBAPHT    OF    PaLAOZOIO     CrUSTAOKA     FROM    1698     TO 
1889,    INCLUDING   A    LiST    OF    NoRTH   AMERICAN    SpEOIBS    AND    A 

Systematio  Arrangement  of  Genera.    By  A.  W.  Voqdes.    8vo. 
pp.  177.     Washington  (U.  S.  Geol.  Survey,  Bull.  No.  63,  1890). 

MR  YOGDES'  carefully  compiled  Bibliography  and  Catalogues 
of  Palaeozoic  Crustacea  are  doubly  welcome,  when  we 
remember  the  extraordinary  carelessness  of  compilation  and  abund- 
ance of  misprints  in  some  recent  publications  of  a  similar  nature 
which  have  reached  us  from  America.  Mr.  Yogdes  not  only  shows 
an  intimate  knowledge  of  his  subject,  but  also  his  perfect  competence 
to  refer  to  a  book  accurately  and  fully.  The  whole  work,  indeed, 
bears  evidence  of  a  careful  and  painstaking  endeavour  to  produce 
the  best  results  possible,  instead  of  a  hasty  scramble  through  such 
books  as  are  to  be  found  in  the  library  of  a  minor  town,  and  whole- 
sale misquotations  from  others  which  the  compiler  has  never  seen 
and  does  not  trouble  to  find. 

There  are  very  few  misprints,  and  in  reading  his  proofs  Mr. 
Yogdes  has  had  the  assistance  of  Prof.  U.  P.  James.  The  references 
are  full;  there  is  no  irritating  series  of  initial  letters  used  in 
quotation  :  thus  no  doubt  can  be  entertained  as  to  the  work 
referred  to. 
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The  Bibliography  oocapies  the  first  78  pages,  the  Catalogue  of 
Trilobites  from  pp.  81-148,  and  the  Catalogue  of  Palaeozoic  non- 
Trilobitea  [unfortunate  word]  pp.  151-177,  a  brief  appendix  of  seven 
pages  being  included  with  the  author's  edition. 

This  Bibliography  will  be  exceedingly  valuable,  and  will,  with 
the  Catalogues,  considerably  lighten  the  labours  of  those  who  work 
in  Palsaozoic  Crustacea  and  Arachnida. 

It  would  be  ungenerous  to  find  fault  with  so  careful  a  work,  but 
we  may  perhaps  be  permitted  to  refer  to  two  points  in  the  hope 
that  Mr.  Yogdes  will  consider  them  in  his  second  edition.  In  the 
first  place^  when  a  species  is  referred  to  more  than  once,  it  seems 
desirable,   instead  of  reprinting  the   name  itself,  to  substitute  a 

,  and  at  the  same  time  to  represent  the  name  of  the  original 

author  in  a  similar  manner.  There  could  then  be  no  doubt  as 
to  whether  or  no  the  same  specific  name  had  been  used  by  two 
authors  for  different  forms.  Take  for  instance  Leperditia  alta, 
Conrad  sp.  Five  authors  have  referred  to  alia,  and  though  the 
specialist  may  know  there  is  only  one  L.  alta,  doubt  cannot  fail  to 
oppress  the  mind  of  the  novice.  It  would  be  absolutely  clear  if 
three  dashes,  representing  respectively  generic,  trivial,  and  authors' 
names,  were  used  before  the  name  of  the  authors  referring  to  the 

particular  species,  thus  ■  ■  Yogdes,  Bibl.  'Pal. 

Crust,  eta  In  the  second  place,  it  would  have  been  better  had 
Mr.  Yogdes  enumerated  separately  the  new  generic  and  specific 
names  that  he  has  suggested  in  his  Catalogue,  as  in  a  work  of  this 
kind  they  are  especially  liable  to  be  overlooked.  C.  D.  S. 

YI. — On  an  Ebbot  Tbeb-stump  with  Roots,  from  the  Coal  of 

PiSSBBRQ,  NEAR  OSNABRUOK.      By  H.  PoTONlt. 

Dee  im  Liohthof  dee  Eoniol.  oeologisohbn  Landesanstalt 
UND  Bergakademie  aufoestelltb  Bauhstumpf  hit  Wurzeln 
AU8  DEM  Carbon  des  Pibsberoes.  Yon  Heern  H.  Potoni^. 
[Jahrbuch  der  Konigl.  preuss.  geologischen  Landesanstalt, 
1889,  s.  246.] 

THE  ''tree  stump  with  roots"  which  forms  the  subject  of  the 
present  notice  was  found  in  the  Piesberg  Colliery  near  Osna- 
briick  standing  in  its  natural  position  at  right  angles  to  the  plane  of 
the  bedding. 

Several  specimens  have  been  found  in  the  same  locality.  Of  the 
two  largest  specimens  one  is  now  in  the  Osnabruck  Museum,  the 
other,  described  in  detail  by  Potonie,  in  the  Berlin  Bergakademie. 

The  latter  specimen  is  displayed  to  advantage  in  the  Berlin 
Museum,  as  one  sees  from  the  excellent  photograph  in  Potonie's 
paper,  and  reminds  one  of  the  giant  Stigmaria  recently  added  to  the 
Owens  College  Museum,  Manchester.  In  the  Berlin  Stigmaria 
there  is  much  more  of  the  stem  preserved  than  in  the  Manchester 
example;  in  neither  specimen  can  one  determine  to  what  species 
the  tree  should  be  referred,  nor  indeed  with  any  certainty  fix  the 
genus,  whether  Lepidodendron  or  Stgillaria.  From  such  surface 
markings  as  are  preserved  on  the  roots  Potonie  names  the  Stigmariaii 
portion  Stigmaria  ficoidea  (Brong.),  var.  inaqualis  (Gopp.) 
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In  the  Bdrlin  specimen  the  height  of  the  tree  stump,  measured 
from  the  first  dichotomy  of  the  root,  is  1*30  metres  (4*26  feet).  In 
the  famous  Dixon  Fold  fossils,  casts  of  which  are  preserved  in  the 
Manchester  Museum,  the  stem  measures  in  one  case  2ft.  Gin.,  in  the 
other  6ft.  6in.i 

To  compare  the  roots.  In  the  Clayton  specimen  (Owens  College 
Museum)  the  roots  attain  a  greater  length  than  in  the  Berlin 
specimen  :  in  both  cases  the  several  subdivisions  of  the  dichotomous 
branches  are  fairly  uniform  in  size,  in  the  latter  specimen  the  longest 
terminal  root  branch  measures  2*20  metres  (7'21ft.),  in  the  former 
the  longest  ultimate  branch  has  a  length  of  12ft.  8in.  Potonie 
compares  the  dichotomous  branching  of  Stiymaria  to  that  of 
Isoetes.  Photographs  are  given  of  such  portions  of  the  stem  where 
the  carbonaoeous  covering  shows  any  surface-markings ;  these  occur 
in  the  form  of  more  or  less  spirally  arranged  spindle-shaped 
prominenoes,  which  represent  the  points  of  exit  of  the  primary 
medullary  rays  from  the  wood  into  the  cortex. 

Attention  is  called  to  a  well-marked  longitudinal  striation 
("Langsstreifung")  on  the  surface  of  the  carbonaceous  layer;  this 
is  regarded  by  Potonie  as  the  expression  of  the  elongated  elements 
of  the  wood.  For  this  striation,  which  is  seen  not  infrequently  on 
decorticated  Zepidodendra  and  SigiUaria,  the  term  '*  Holzstreifung  " 
is  proposed.  A.  C.  Sbwa&d. 

VII. — The  Maltxsic  Islands,  with  Special  Bbfeeenoe  to  theib 
GsoLoaiOAL  Structure.  By  John  Murray,  LL.D.,  F.R.S., 
F.R.S.E.  Scottish  Geographical  Magazine,  September,  1890, 
Geological  Map  and   Sections,  Two  Plates  and  Woodcuts. 

THE  Scottish  Geographical  Magazine  is  fast  becoming  one  of  the 
most  important  geological  serietls  published  in  this  kingdom. 
This  paper  by  Dr.  Murray  is  only  one  of  many  valuable  con- 
tributions to  geology  which  have  been  published  in  its  pages.  The 
Geology  of  Malta  was  sadly  in  need  of  some  one  to  collect  together 
the  previous  observations  of  others,  and  to  add  those  of  practical 
experience.  Dr.  Murray  has  done  this  work  well,  and  by  appending 
a  fairly  complete  bibliography  has  earned  the  thanks  of  all 
geologists,  as  well  as  those  of  the  student  of  deep-sea  deposits. 
The  first  eleven  pages  (pp.  449-469)  of  the  paper  are  occupied  with 
a  brief  history  of  the  islands  (Malta,  Gogo,  Comino,  Cominotto,  and 
Filfola),  geographical,  dimatal,  botanical,  zoological,  historical,  and 
economic;  the  remaining  pages  (459-488)  are  devoted  to  the  geology 
and  marine  deposits  off  the  coasts.  The  rocks  are  all  of  Tertiary 
age,  and  have  been  variously  classed  as  Eocene,  Oligocene,  and 
Miocene  by  different  observers.  About  1150  feet  of  strata  are 
exposed,  each  of  which  yields  an  interesting  fauna,  while  numerous 
remains  of  the  later  inhabitants  of  the  islands  are  found  in  the 
fissures  which  exist  in  various  localities.  The  deposits  are  treated 
in  order,  and  appended  to  each  is  an  important  and  full  list  of  the 
Foraminifera,  the  most  abundant  organisms  in  the  rocks,  supplied 

*  A  monograph  on  the  Morphology  and  HiBtology  of  Sligmaria  FieoidM  hy  W.  C. 
WilliamBon,  iLj),,  F.£.S.  (Faleontographical  Soc.  vol.  lor  1886,  London). 
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by  Frederick  Pearoey.  These  lists  are  exceedingly  interesting  ia 
oonnexion  with  the  recent  Foraminiferal  fauna  of  the  Mediterranean. 
Analyses  of  the  different  rooks  are  given,  and  the  probable  depth 
of  water  in  which  they  were  deposited  is  disoassed.  Bemarks  on 
the  economic  value  of  the  rocks  as  building  material,  and  interesting 
notes  of  a  practical  nature  in  addition  to  this  subject,  are  supplied 
by  C.  H.  Golson.  The  various  caves  that  have  yielded  vertebrate 
remains  are  catalc^ed,  and  the  paper  closes  with  a  description  of 
the  recent  marine  deposits  in  process  of  formation  off  Malta,  and  a 
long  discussion  as  to  the  origin  of  the  rocks  and  soils.  The  plates 
contain  representations  of  four  slices  of  Foraminiferal  Limestones 
from  Malta.  The  map  and  sections  are  in  every  way  excellent,  and 
a  copy  of  these  has  been  framed  and  hung  up  in  the  Fossil  Mammalian 
Gallery  of  the  Natural  History  Museum,  close  to  Admiral  8pratt*s, 
and  Dr.  Leith  Adam's  Collections  of  Pigmy  Elephant-remains  from 
Malta,  and  forms  one  of  many  such  valuable  aids  to  the  student  in 
the  Palieontologioal  Department.  C.  D.  S. 


LlMNJIAM   SOOIBTY. 

Jan.  15,  1891. — ^Dr.  P.  H.  Carpenter,  F.B.S.,  read  a  paper  on 
"  Some  Points  in  the  Morphology  of  the  Cystidea." 

A  large  number  of  the  Cystidea  may  be  compared  with  dioyolio 
Crinoidea  more  directly  than  has  hitherto  been  supposed. 

Group  I.  has  a  generally  six-rayed  structure ;  Exx.  Garyocrtnus, 
Hemieosmitett  JuglandoerinuB,  CordyloerinuB,  Here  are  three  circlets 
of  plates,  viz.  four  infrabasals,  two  of  which  are  double  plates,  six 
basals,  and  six  radials,  with  two  or  three  interradials  enclosed  within 
the  I'adial  circlet.  The  summit-plates  or  orals  also  are  comparable 
with  those  of  Crinoidea,  though  differing  in  number ;  thus  Caryo- 
eiinua  has  one  central  plate  and  five  others  around  it,  corresponding 
to  the  one  central  and  four  surrounding  plates  of  a  Crinoid  :  the 
central  plate  in  either  case  represents  the  posterior  oral.  Even  the 
number  is  sometimes  the  same  as  in  a  Crinoid  ;  thus,  though 
Caryoeyatii  granatum  has  six  rays,  C.  teatudinariuB  (v.  Buch.  mm 
His.)  has  five;  while  there  are  but  four  in  other  species. 

Group  II.  has  a  five-rayed  structure ;  Exx.  Lep(»docrinu$,  ApiO' 
eysUs,  Prunoeystii,  £chinoencrinu»  (Forbep  nan  v.  Meyer).  Here  are 
four  infrabasals,  one  of  which  is  double,  five  basals,  five  radials 
and  five  interradials  (?).  Sometimes  an  interradial  is  missing,  e.g. 
CystohlasttM  (1.  post.),  PseudocrinuB  (r.  antr.).  Some  genera  (ilpto- 
cyBiis,  Callocyitis)  have  only  four  ambulacra.  The  plates  in  this  group 
may  still  be  designated  by  the  numbers  applied  to  them  by  Forbes : 
thus  1-4  are  infrabasals,  5-9  basals,  10-14  radials,  15-18  or  19 
interradials.  The  homology  of  Nos.  10-14  with  radials  is  corroborated 
by  OysiohlaatuBy  in  which  these  five  plates  have  a  deep  fissure  for 
the  ambulacra.  There  is  moreover  symmetry  in  the  disposition  of  the 
pore- rhombs,  which  generally  occur  on  plates  1  &  5, 14  d?  15, 12  <fe  18. 

Variations  from  the  simple  types  occur.  Sometimes  two  of  the 
raidials  sink  into  the  basal  circlet,  e.g.  CalloeyaUt,  while  in  QlyplocyatU 
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and  Cystohlastua  some  or  all  of  the  interradials  enter  the  radial  ring. 
Qlyptocysiis  affords  a  transition  to  such  flattened  forms  as  Pleuroeystis. 
Eomocystis,  Lichenoides,  MaerocyeteUa  and  some  other  types  have 
three  regularly  alternating  series  of  plates. 

Orals,  homologous  with  those  of  Crinoidea,  are  to  be  distinguished: 
(a)  five  of  equal  size,  e.g.  Cyatkocystis  of  Russia ;  {fi)  five  of  unequal 
size,  the  posterior  being  the  larger,  e.g.  Olyptosphara  Leuchtenbergi 
and  Spharonis ;  (7)  none  in  adult,  probably  resorbed,  e.g.  Ascocystis, 
PirocystiSf  Oryptocrinus, 

The  apertures  on  the  summit  are  as  follows : — 1.  Central = Mouth  ; 
2.  Large  lateral  »  Anus ;  3.  In  the  anal  interradius  between  mouth 
and  anus,  sometimes  olose  to  the  anus,  sometimes  even  in  the  same 
genus  (e.g.  Aristocyalts),  further  from  it,  =  Genital  aperture;  in  some 
cases  this  is  contained  in  the  anal  aperture  as  in  the  recent  starfish 
Hymenaster  and  Pythonaster ;  4.  A  small  opening  by  the  side  of  the 
genital  »  Excretory  aperture ;  this  is  seen  in  Ariatocysiisy  and,  as  a 
**  madreporic  plate,'*  in  Glyptoaphara.  In  Echinoenerinus  it  is  not  so 
much  in  the  anal  interradius  (C  D)  as  in  the  next  one  (D  E),  and 
the  single  opening  occupying  this  position  in  CysioblastvSf  GlyptoeystiSj 
and  other  types,  is  probably  of  the  same  nature. 

GSOLOGIOAL  SOOIKTT   OF  LoNDOM. 

I— January  21,  1891.— A.  Geikie,  Esq.,  LL.D.,  F.R.S.,  President, 
in  the  Chair. — The  following  communications  were  read  : — 

1.  "On  the  Age,  Formation,  and  Successive  Drift  Stages  of  the 
Valley  of  the  Darent ;  with  Remarks  on  the  Palwolithic  Implements 
of  the  District,  and  on  the  Origin  of  the  Chalk  Escarpment'*  By 
Professor  Joseph  Prestwich,  D.C.L.,  F.R.S.,  F.G.S.,  etc. 

i.  General  Character  and  Age  of  the  Darent  Valley, — ^The  river  is 
formed  by  the  union  of  two  streams,  the  main  one  flowing  east  from 
near  Limpsfield,  the  other  west  from  near  Ightham,  parallel  with  the 
ranges  of  Lower  Greensand  and  Clialk,  and  flows  northward  into  the 
Tiiames.  The  first  indent  of  the  valley  was  subsequent  to  the  depo- 
sition of  the  Lenham  Sands,  and  indeed  to  the  Red  Clay  with  flints 
and  the  old  implement- bearing  drift  with  which  this  is  associated  ; 
and  the  same  remark  applies  to  a  system  of  smaller  valleys  starting 
near  the  crest  of  the  escarpment  and  running  into  the  Thames. 

ii.  The  Chalk  Plateau  Drifts  and  associated  Flint  Implements. — 
Since  the  publication  of  the  author's  Ightham  paper,  Mr.  Harrison 
and  Mr.  De  B.  Crawshay  have  found  implements  mostly  of  rude 
type  (though  a  few  are  as  well  finished  as  those  of  Abbeville)  in 
numerous  localities  on  the  plateau,  where,  owing  to  the  gradients, 
the  difference  of  level  between  plateau  and  valley-bottom  is  much 
greater  than  at  Currie  Farm.  Evidence  derived  from  the  character 
and  conditions  of  preservation  of  these  implements  is  adduced  in 
favour  of  their  great  antiquity. 

iii.  The  Initial  Stages  of  the  Darent  Valley. — The  author  has  pre- 
viously shown  that  in  early  Pliocene  times  a  plain  of  marine 
denudation  extended  over  the  present  Yale  of  Holmesdale,  and  that 
in  pre-glaoial  times  the  plain  was  scored  by  streams  fiowing  from 
the  high  central  Wealden  ranges.     These  streams  centred  in  the 
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Darent,  and  the  excavation  of  the  present  valley  then  commenced. 
There  is  a  gap  in  the  sequence  between  the  pre-glacial  drifts  and 
the  earliest  post-glacial  drifts  of  the  valley,  which  is  probably 
oovered  by  the  extreme  glacial  epoch.  It  was  a  time  of  erosion, 
rather  than  of  deposition  in  this  area.  Of  the  earliest  drift  of  the 
Darent  valley,  little  has  escaped  later  denudation.  The  bank  of 
coarse  gravel  on  the  hill  on  the  west  side  of  the  valley  between 
£yn8ford  and  Famingham,  certain  flint-drifts  in  the  upper  part  of 
the  valley,  and  a  breccia  of  chalk -fragments  on  the  hill  west  of 
Shoreham,  may  be  referred  to  this  period. 

iv.  The  Migh-Level  or  lAmpsfield  Gravel  Stage. — The  gravel  at 
Limpsfield  occurs  on  the  watershed  between  the  Darent  valley  and 
the  Oxsted  stream,  but  the  author  agrees  with  Mr.  Topley  that  the 
gravel  belongs  to  the  Darent  system,  and  Westheath  Hill  may  be 
part  of  the  original  ridge  separating  the  two  valleys.  This  gravel  is 
post-glacial,  and  the  denudation  of  the  area  had  made  considerable 
progress  at  the  time  of  its  formation,  for  the  Chalk  escarpment  rises 
200-300  feet,  and  the  Lower  Greensand  100-200  feet  above  the 
gravel-bed.  The  author  traces  outliers  of  this  gravel  down  the 
valley  at  lower  and  lower  points  to  the  Thames  valley  at  Dartford, 
and  correlates  it,  not  with  the  high  plateau-gravel,  but  with  the 
High-le^vel  gravel  of  the  Thames  valley,  aud  shows  that  its  composi- 
tion indicates  that  it  is  derived  from  the  denudation  of  the  Chalk 
and  Tertiary  beds.  Mr.  A.  M.  Bell  has  discovered  numerous 
implements  in  it,  mostly  of  the  smaller  St.  Acheul  type,  and  the 
author  hopes  that  they  will  soon  be  described  by  their  discoverer. 
Iliese  implements  agree  in  general  type  with  the  "  Hill  group  "  of 
the  Shode  valley,  and  not  with  the  older  group  of  the  Chalk  plateau, 
or  those  of  the  lower  levels  of  the  Thames  and  Medway. 

V.  ConUmporaneouB  Drift  of  ike  Cray  Valley. — Implements  of  this 
age  have  been  found  by  Mr.  Crawshay,  and  by  Mr.  P.  Norman,  near 
Green  Street  Green,  in  gravel  which  is  more  than  100  feet  below 
the  Bed  Clay  of  the  plateau. 

vi.  Brick-earths  of  the  Darent  Valley — These  are  traced  along  the 
npper  course  of  the  valley  from  near  Limpsfield.  They  seem  to 
show  glacial  influence,  and  Mr.  Bell  has  discovered  a  few  implements 
in  them.  The  Limpsfield  deposit  is  from  10  to  30  feet  below  the 
adjacent  gravel.  Brick-earth,  possibly  of  somewhat  later  date,  also 
occurs  near  Dartford. 

viL  Other  OraveU  of  the  Darent  Valley:  The  Chevening  and  Dunton 
Green  Drifts. — The  relations  of  the  gravels  grouped  under  this  head 
are  more  uncertain  than  those  of  the  Limpsfield  stage.  Various 
features  in  the  gravels  point  to  the  temporary  return  of  glacial 
conditions  during  the  period  of  formation  of  these  and  the  brick- 
earths  ;  and  these  are  described  in  detail. 

viii.  The  Low-level  Valley- Gravels. — The  correlation  of  these  is 
also  uncertain.  West  of  Dartford  is  a  bed  corresponding  with  that 
at  Erith  in  which  Mr.  Spurrell  found  a  palieolithic  floor.  It  con- 
tains land-  and  freshwater-shells.  The  surface  of  the  Chalk  is  here 
festooned  under  a  covering  of  the  fluviatile  drift  The  author  attri- 
butes this  festooning  to  the  efifeots  of  cold. 
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\x.  The  Bubble  on  the  Sides  and  in  the  Bed  of  the  Va1ley,^Th9 
author  describes  this  rubble,  and  rejects  the  view  that  it  is  rain- 
wash  or  due  to  subaerial  action,  and  discusses  the  possibility  of  its 
having  been  produced  by  ice-action. 

X.  Alluvium  and  Neolithic  Implements, — ^These  occur  chiefly  between 
Shoraham  and  Riverhead. 

xi.  On  the  Chalk  Escarpment  within  the  Darent  District — ^The 
author,  after  discussing  and  dismissing  the  view  that  the  escarpment 
was  formed  by  marine  denudation,  criticizes  the  theoiy  that  it  was 
due  to  ordiuaiy  subaerial  denudation,  and  lays  stress  on  the  irregular 
distribution  and  diversity  of  the  drift-beds  in  the  Darent  area ;  these 
do  not  possess  the  characters  which  we  should  exf)ect  if  they  were 
formed  by  the  material  left  during  the  recession  of  the  Chalk  escarp- 
ment owing  to  subaerial  action  ;  and  he  believes  that  glacial  agency 
was  the  great  motor  in  developing  the  valleys  and,  as  a  consequence, 
the  escarpment,  and  that  the  denudation  was  afterwards  fui*ther 
carried  on  in  the  same  lines  by  strong  river-action  and  weathering, 
though  supplemented  at  times  by  renewed  ice-action.  By  such 
agencies,  aided  by  the  influence  of  rainfall  and  the  issue  of  powerful 
springs,  he  considers  that  the  escarpment  was  gradually  pared  back 
and  brought  into  its  present  prominent  relief. 

2.  "  On  Agrosaurus  Macgillivrayi  (Seeley),  a  Saurischian  Keptile 
from  the  N.E,  coast  of  Australia."  By  Professor  H.  G.  Seeley, 
r.R.S.,  F.G.S. 

The  complete  left  tibia,  a  less  perfect  proximal  end  of  the  cor- 
responding right  tibia,  a  fragment  regarded  by  the  author  as  a  fibula 
attached  to  matrix  which  contains  two  laterally  compressed  claw- 
phalanges,  are  preserved  in  the  British  Museum,  and  are  labelled 
"  Fly,"  1844,  J.  Macgillivray,  from  the  N.E.  coast  of  Australia. 
These  remains  are  described,  and  the  distinctive  characters  which 
determine  the  fossil  (the  distal  end  of  the  tibia)  noted.  It  shows  an 
ordinal  resemblance  with  Pcekilopleuron  and  Cetiosaurus,  but  with 
Dimodosaurus  from  the  top  of  the  Eeuper  it  is  so  close  that  the  two 
must  be  regarded  as  nearly  allied.  The  fossil  is  regarded  aa 
generically  distinct  from  all  known  types.  The  remains  indicate  an 
animal  about  the  size  of  a  sheep,  and  it  is  considered  as  not  improb- 
able that  the  creature  belongs  to  the  Lower  Oolites  or  Trias. 

3.  "  On  Saurodesmus  Bobertsonij  a  Crocodilian  Reptile  from  the 
RhsBtic  of  liinksfield,  in  Elgin."  By  Professor  H.  Q.  Seeley, 
F.R.S.,  F.G.S. 

The  bone  described  in  this  paper  was  found  in  a  mass  which  has 
been  interpreted  as  a  large  boulder  of  RhaBtic  beds  in  Boulder-clay. 
The  specimen  has  already  been  noticed  by  Sir  Richard  Owen  and 
R.  Lydekker,  Esq.  The  author  maintains  that  the  bone  is  a  right 
humerus.  He  discusses  its  asserted  Chelonian  affinities,  and  concludes 
that  it  is  not  Chelonian  but  Crocodilian,  but  that,  if  grouped  with 
the  Crocodilia,  it  belongs  to  a  suborder  hitherto  unknown,  and 
defined  by  a  combination  of  Crocodilian  and  Lacertilian  characters 
which  is  not  Saurischian. 
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IL— February  4,  1891.— A.  Oeikie,  LL.D.,  F.R.S.,  President,  in 
the  Chair. — The  following  oommunioations  were  read  : — 

1.  "The  Geology  of  Barbados  and  the  West  Indies.— Part  I. 
The  Coral  Bocks."  By  A.  J.  Jukes-Browne,  Esq.,  F.G.S.,  and 
Professor  J.  B.  Harrison,  M.A.,  F.G.S. 

The  authors  first  disonss  the  reef  growing  round  Barbados  and 
describe  a  submarine  reef,  the  origin  of  which  is  considered ;  and 
it  is  pointed  out  that  there  is  no  sign  of  any  subsidence  having 
taken  place^  but  every  sign  of  very  recent  elevation.  They  then 
describe  the  raised  reefs  of  the  island,  extending  to  a  height  of 
nearly  1100  feet  above  sea-level  in  a  series  of  terraces.  The  thick- 
ness of  the  coral-rock  in  these  is  seldom  above  200  feet,  and  the 
rock  does  not  always  consist  of  coral -debris.  At  the  base  of  the 
reefs  there  is  generally  a  certain  thickness  of  detrital  rook  in  which 
perfect  reef-corals  never  occur. 

The  collections  of  fossils  made  by  the  authors  have  been  examined 
by  Messrs.  E.  A.  Smith  and  J.  W.  Gregory.  Of  the  Corals,  five 
out  of  ten  species  identified  still  live  in  the  Caribbean  Sea,  and  one 
is  closely  allied  to  a  known  species,  whilst  the  other  four  are  only 
known  from  Prof.  Duncan's  descriptions  of  fosbil  Antiguan  Corals. 
The  authors  are  of  opinion  that  the  whcJe  o<'  the  terraces  of  Barbados, 
the  so-called  "  marl  *'  of  Antigua,  and  the  foseiliferous  rocks  of 
Barbuda  are  of  Pleistocene  age* 

They  proceed  to  notice  the  fonaaations  in  other  West  Indian 
islands  which  appear  to  be  raised  reefs  comparable  with  those  of 
Barbados,  and  show  that  these  reefs  occur  through  the  whole  length 
of  the  Antillean  Chain,  and  indicate  a  recent  elevation  of  at  least 
1300  feet,  and  in  all  probability  of  nearly  2000  feet.  It  appears 
improbable  that  each  island  was  a  region  of  separate  uplift,  and  as 
a  plateau  of  recent  marine  limestone  also  occurs  in  Yucatan,  this 
carries  the  region  of  elevation  into  Central  America,  and  it  is 
reported  that  there  are  raised  reefs  in  Colombia.  The  authors 
oonclude  that  there  has  been  contemporaneous  elevation  of  the 
whole  Andean  Chain  from  Cape  Horn  to  Tehuantepec  and  of  the 
Antillean  Chain  from  Cuba  ta  Barbados.  Before  this  there  must 
have  been  free  communication  between  the  Atlantic  and  Pacific 
Oceans,  which  is  confirmed  by  the  large  number  of  Pacific  forms 
in  the  Caribbean  Sea.  Under  such  geographical  conditions  the 
great  equatorial  current  would  pass  into  the  Pacific,  and  there  would 
be  no  Gulf  Stream  in  the  North  Atlantic. 

2.  "The  Shap  Granite,  and  the  Associated  Igneous  and  Meta- 
morphic  Rocks."  By  Alfred  Barker,  Esq.,  M.A.,  F.G.S.,  and  J.  E. 
Marr,  Esq.,  M.A.,  Sec.  G.S. 

The  authors  describe  the  normal  granite  of  the  intrusion,  and 
discuss  the  characters  of  certain  variations  from  the  usual  type. 

The  dykes  and  sills  of  the  neighbourhood  are  also  considered ; 
the  similarity  of  some  of  these  to  certain  inclusions  in  the  granite 
i«  noticed ;  and  reasons  are  given  for  supposing  that  many  of  the 
felsites  and  mica- traps  of  this  region  are  connected  with  a  magma 
which  was  intruded  amongst  the  Lower  Palasozoio  rooks  in  pre- 
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Carboniferoaa  times,  and  with  which  the   Shap  granite   is  itself 
connected. 

The  metamorphic  effects  of  the  granite  upon  the  surrounding 
rocks  are  then  described.  A  remarkable  set  of  changes  produced  in 
a  series  of  andesites  and  another  of  rhyolites,  with  their  respective 
pjTodastic  rocks,  is  considered  in  detail,  and  the  results  of  the 
metamorphism  of  the  Coniston  Limestone  series  and  the  Goniston 
Flags  and  Grits  are  given  and  compared  with  those  obtained  by  other 
workers  in  Norway,  the  Harz  Mountains,  and  elsewhere. 


COiei^33S:P03^IDE3^0Bl , 


MR.  OLDHAM  ON  THE  HIMALAYAS. 
Sir, — It  is  needless  to  say  how  much  it  has  pleased  me  that  Mr. 
Oldham's  knowledge  of  the  structure  of  the  Himalayas  confirms  in 
his  opinion  my  theory,  published  in  the  *•  Physics  of  the  Earth's 
Crust,"  concerning  the  formation  of  a  mountain  range,  and  of  the 
effects  of  its  subsequent  denudation.  I  wish,  however,  to  point  out 
that  the  latter  are  in  my  work  discussed  on  the  hypothesis  that  the 
chief  streams  are  formed,  and  deposit  their  sediment,  on  the  less 
steep  side  of  the  range.  I  had  rather  the  instance  of  the  Andes  in 
my  mind  as  a  typical  range  of  mountains.  With  the  Himalayas  the 
case  is  different  The  great  rivers,  Indas  and  Ganges,  aft«r  collect- 
ing their  burden  of  detritus  during  long  courses  between  the  parallel 
ridges,  finally  break  through  the  steep  face  of  the  range,  and  form 
their  deposits  on  that  side.  Hence  arises  the  modification  of  my 
theory,  which  Mr.  Oldham  has  found  it  necessary  to  make  in  apply* 
ing  it  to  the  denudation  of  the  Himalayas.  0.  Fishkr. 

Haklton,  Cambbisob,  5  Feb.  1891. 


MR.  MELLARD  READE  AND  THE  HERSCHEL-BABBA6E  THEORT 
OF  MOUNTAIN  BUILDING. 

Sib, — The  theory  of  the  formation  of  mountains  set  forth  by  me 
in  *<  The  Origin  of  Mountain  Ranges  "  has  been  so  frequently  of  late 
alluded  to  as  a  modification  of  the  "Herschel-Babbage"  theory,  that 
I  shall  feel  much  obliged  if  one  of  those  who  think  it  so  will  kindly 
set  forth  what  the  "  Herschel-Babbage  "  theory  is.  I  fear  that  my 
friend  Mr.  O.  Fisher  is  largely  responsible  for  this  description  of  my 
theory.^  I  have  examined  his  references  to  the  works  of  Herschel 
and  Babbage,  and  must  certainly  repudiate  the  labelling  as  a  mis- 
description. There  is  no  analogy  between  Herschel's  view  of  the 
elevation  of  mountains  and  mine,  and  indeed  by  a  sort  of  dramatic 
justice  I  find  that  Mr.  R.  D.  Oldham*  commends  Mr.  Fisher's  work 
as  containing  the  "  most  recent  and  complete  adaptation  of  this  (the 
Herschel-Babbage)  doctrine  to  the  theory  of  mountain  formation." 

As  a  matter  of  fact,  the  only  element  in  my  theory  taken  from 
either  of  these  distinguished  men  is  the  law  discovered  by  them  that 
the  lines  of  equal  internal  temperature  in  the  Earth's  crust  (isogeo- 

^  Physics  of  the  Earth^s  Crust,  second  edition,  p.  132. 
*  Gbol.  Mao.  Feb.  1891,  p.  73. 
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iberms)  mnst  move  upwards  into  new  depoBits  as  they  are  laid 
down.  This  is  dnly  acknowledged  in  chap.  vii.  and  credited  to 
Babbage,  who,  I  believe,  has  prioiity;  but  should  the  use  of  a  natural 
law  in  building  up  a  theory  disentitle  the  theoriser  to  the  full  right 
of  property  in  his  own  theory  ? 

It  is  said,  **  What's  in  a  name  ?  "  To  which  I  answer,  A  great  deal 
that  is  bad  when  it  is  vague  and  misleading  and  perpetuates  errors 
and  misconceptions.  T.  Mbllard  Rsade. 

PaKK  CoHNBE,  fiLUNDBLLSAlVDB,  Ftb.  9M,  1891. 

CRINOIDAL  STEMS  IN  ORDOVICIAN  OF  SWEDEN. 
Sir, — I  am  glad  to  have  elicited  from  Dr.  Holm  such  interesting 
information  about  the  crinoid  stems  that  he  has  found  in  the  Leptsena- 
kalk  of  the  Lissberg.  But  I  am  sorry  that  my  remark  has  given 
rise,  perhaps  not  unnaturally,  to  some  misunderstanding.  Dr.  Holm 
in  his  original  notice  says  two  things: — First,  that  the  rock  is 
"  chiefly  composed  of  corals,  cystids,  and  crinoid  stems  ;"  secondly, 
that  he  himself  has  found  there  "  crinoid  stems  belonging  to  at  least 
two  species."  Now  I  never  doubted  that  so  experienced  a  palason- 
tologist  as  Dr.  Holm  had  very  good  reasons  for  this  latter  statement ; 
his  letter  shows  how  sufficient  those  reasons  were.  Nor  did  I  **  with- 
out having  seen  a  single  one  of  them,'*  venture  to  assert  that  all  the 
stem -fragments  belonged  to  Cystidea.  I  was  indeed  well  aware  of 
the  sessile  nature  of  the  majority  of  the  Cystidea  from  this  locality. 
But,  remembering  as  I  did  how  often  stems  undoubtedly  cystidean 
had  been  referred  to  Crinoids,  and  knowing  that  not  a  single  Crinoid 
had  been  recorded  from  the  Ordovician  of  Sweden,  though  23  species 
of  Cystidea  showed  the  possibility  of  their  preservation,  I  merely 
wished,  as  indeed  I  still  wish,  to  suggest  that  some  of  these  ossicles 
might  have  pertained  to  the  long  and  exceedingly  crinoid-like  stem 
of  CaryocrinuB.  So  inevitable  did  this  seem  that,  though  I  did  not  so 
far  forget  either  myself  or  Dr.  Holm's  very  valuable  works  as  to  call 
him  a  mere  collector,  still  I  did  express  myself  in  a  manner  which 
now  seems  to  me  to  need  an  apology,  and  this  I  trust,  Sir,  you  will 
here  permit  me  to  offer.  P.  A.  Batheb. 

6  JFeb.  1891.  

MOTION  OF  LAND-ICE. 

Sir, — As  I  have  paid  some  attention  to  Glaciers,^  I  should  like  to 
make  a  few  remarks  on  the  paper  by  Mr.  Goodchild  on  ''  The  Motion 
of  Land-ice  "  in  the  Geol.  Mao.  for  January  last,  pp.  19-22. 

1.  The  expansion  and  contraction  of  ice  for  changes  of  temperature 
below  0^  C.  and  under  a  pressure  of  one  atmosphere  is  but  an  example 
of  the  genera]  law  for  solids,  which  has  been  recognized  for  many 
years  in  physical  science ;  and  the  power  of  ice  to  resist  tensile 
strain  is  (as  Helmholtz  has  pointed  out)  so  small  as  to  furnish  an 
explanation  of  the  formation  of  crevasses,  though  these  are  not  by 
any  means  always  produced  by  contraction  due  to  lowering  of 
temperature.     But  this  very  property  of  ice  shows  that  contraction 

^  Q.jr.G.S.  Tol.  xxzix.  pp.  62-71,  "On  the  Mechanics  of  Glacien";  also 
'  Nature,'  toI.  xxTii.  pp.  563,  664,  "  On  Solar  Radiation  and  Glacier-motion." 
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of  the  upper  layers  can  neither  help  {per  se)  the  downward  flow 
when  the  temperature  rises  again,  because  the  expansion  being 
equal  to  the  previous  contraction  {cet.  par.)^  it  must  result  merely 
in  the  closing-up  of  the  shrinkage-cracks  ;  nor  can  it  tend  to  produce 
a  curvature  of  the  lower  layers  (after  the  fashion  of  the  balance- 
wheel  of  a  chronometer)  as  seems  to  be  suggested  later  on  in  Mr. 
Goodchild's  paper.  In  the  former  case  water,  produced  by  the 
melting  either  of  the  surface  of  the  glacier  or  of  the  snow-mantle 
overlying  it,  during  hours  of  sunshioe,  and  flowing  into  the  cracks, 
would  certainly  by  its  expansion  in  freezing  do  some  work;  bnt 
what  becomes  of  its  latent  heatf  The  distribution  of  this  in  the 
neighbouring  ice  needs  to  be  considered. 

2.  If  by  '  cold-waves  *  Mr.  Groodchild  means  (as  I  take  it)  '  flows ' 
of  heat  by  conduction  from  the  warmer  interior  to  the  surface 
whose  temperature  is  below  0°  C,  it  is  a  pity  he  did  not  speak  of  it 
as  such.  Gold,  like  darkness,  is  a  negation  ;  and  we  can  only  speak 
of  a  wave  of  either  metaphorically. 

8.  We  had  no  need  to  go  back  nearly  half  a  century  to  Brunner's 
investigations  to  convince  us  that  the  *  sole '  of  a  glacier  moves  down 
a  slope ;  the  observations  and  measurements  by  Tyndall,  Helmholtz, 
Forbes,  Agassiz,  and  others  have  made  that  pretty  certain. 

4.  As  to  the  **  uphill  movements  *'  postulated  by  Mr.  Goodchild 
and  many  writers  who  have  preceded  him,  I  have  for  a  long  time 
been  very  sceptical,  as  may  be  seen  from  my  papers  referred  to 
above  ;  and  the  researches  of  Penck  ^  on  the  glaciation  of  the 
Northern  Alps  have  convei-ted  that  scepticism  into  positive  disbelief, 
since  all  that  I  have  read  or  heard  alleged,  as  evidence  of  such 
movements,  is  more  rationally  explained  by  the  overflow  of  the 
glaciera  beyond  their  valley-sides  during  periods  of  maximum 
glaciation,  and  by  the  phenomena  of  stranded  lateral  moraines 
during  the  recession  of  a  glacier,  with  which  every  Alpine  observer 
is  familiar  (e.g.  the  Morteratsch). 

6.  The  theory  of  "  isogeotherms "  continued  through  the  lower 
parts  of  a  glacier  will  not  work,  except  for  a  hypothetical  case 
where  the  adjacent  rocks  and  the  ice  were  all  considerably  below 
0^  0.,  because  no  heat  at  any  higher  temperature  could  be  conducted 
through  or  into  the  ice,  as  seems  to  be  imagined :  it  would  become 
latent  in  the  melting  of  the  ice  at  the  contact.  This  is  probubly 
the  reason  why  previous  writers  have  ''overlooked*'  the  fiction 
which  Mr.  Goodchild  has  now  gravely  put  forward  as  a  "  fact." 

6.  Mr.  Goodchild  has  overlooked  three  factors  essential  to  the 
construction  of  any  sound  physical  theory  of  glacier-motion ;  (i.) 
liquefaction  under  pressure  and  regelation;  (ii.)  the  ''greenhouse- 
principle,"  the  application  of  which  to  glacier-motion  was  demon- 
strated by  myself  in  the  paper  in  Nature  already  referred  to ; 
(iii.)  the  latent  heat  of  water,  the  80  gramme-units  of  heat  given  up 
by  every  gramme  of  water  at  0°  C.  in  the  act  of  solidifying  under 
ordinary  pressure.  A.  Ibvino. 

Wellington  College,  Berks,  Jan.  8. 

1  See  **  Die  Vergletschemng  der  Deutschen  Alpen,"  reviewed  in  the  GsoL.  Uao. 
Dec.  II.  Vol.  X.  p.  174,  et  t$q. 
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ELEVATION  AND  SUBSIDENCE  IN  CENTRAL  AMERICA. 

Sib, — Allow  me  to  point  out  that  Mr.  W.  Upham's  letter  in  the 
February  Number  of  this  Magazine  is  not  an  answer  to  my  article 
in  that  for  December,  1890;  because  he  completely  iguorea  the  point 
of  my  communication  and  re-asserta  views  which  I  did  not  question. 

In  his  original  article  of  November,  1890,  Mr.  Upham  cited  the 
Oulf  of  Mexico  as  having  partaken  in  the  high  continental  elevation 
aTid  in  the  subsequent  subsidence  to  an  extent  of  3000  feet.  In 
December  I  quoted  facta  to  prove  that  on  the  south  side  of  the  Gulf 
of  Mexico  there  has  been  a  recent  upward  movement  of  probably 
2000  ft.  Hence  if  the  Mississippi  subsidence  was  contemporaneous 
with  the  Cuban  elevation,  there  must  have  been  a  differential  move- 
ment of  5000  feet  within  a  comparatively  small  area. 

I  do  not  say  the  difficulty  is  unsurmoun table  ;  the  axis  of  the  one 
oscillation  may  not  have  been  located  along  the  same  parallel  as 
the  axis  of  the  other  oscillation,  or  if  Mr.  Upham  likes  he  can 
postulate  a  great  east  aad  west  fault  through  the  Gulf  of  Mexico, 
with  a  downthrow  on  the  north  of  about  5000  feet  The  point, 
however,  does  require  notice,  and  it  is  not  noticed  at  all  in  the 
letter  which  purports  to  be  a  reply.  I  will  therefore  put  the  difficulty 
more  fully.  During  Pliocene  and  Pleistocene  time  there  was  in 
North  America  a  great  elevation  followed  by  a  great  subsidence; 
and  in  Central  America  a  subsidence  followed  by  great  elevation. 
If  these  movements  were  correlative,  should  we  not  expect  to  find 
a  zone  where  there  was  no  movement  at  all?  Would  not  the 
greatest  vertical  displacement  be  found  in  Canada  or  the  Northern 
States,  and  the  least  in  the  Southern  States,  and  would  not  the 
evidences  of  subsidence  die  away  southward,  and  then  be  replaced 
by  evidences  of  upheaval  ?  Instead  of  this,  we  find  the  movements 
tdmost  at  a  maximum  in  those  parts  of  the  two  areas  whidi  are 
nearest  to  one  another.  Can  Mr.  Upham  refer  to  any  evidence  about 
alteration  of  levels  along  the  west  coast  of  the  Gulf  of  Mexico  ? 

In  a  paper  just  read  before  the  Geological  Society,  I  have  adduced 
evidence  of  the  recent  uprise  of  the  Caribbean  and  Panamic  region, 
and  have  advocated  the  view  that  the  Gulf  Stream  passed  into  the 
Pacific  while  the  Glacial  Period  prevailed  in  the  North  Atlantia 
I  am  therefore  strongly  disposed  to  agree  with  the  general  views 
put  forward  by  Mr.  Upham  as  to  the  geographical  conditions  that 
prevailed  during  that  period;  but  in  generalizing  about  the  move- 
ments which  have  affected  such  vast  areas,  we  cannot  be  too  careful 
about  the  accuracy  of  the  data  on  which  the  inferences  are  based, 
and  nothing  is  gained  by  ignoring  difficulties. 

It  was  because  I  thought  that  this  difficulty  might  not  have 
occurred  to  Mr.  Upham  that  I  put  it  before  him ;  but  I  shall  be 
-very  pleased  to  see  it  answered  in  a  manner  that  will  strengthen 
Mr.  Upham's  theory  of  correlative  movements,  and  I  hope  Dr. 
Spencer,  who  wrote  much  more  cautiously  than  Mr.  Upham,  may 
shortly  have  something  to  say  about  the  date  of  the  great  depression. 

Tbignmouth,  Ftbruary  1th.  A.  J.  Jukbs-Brownb. 
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GEORGE  WAREING  ORMEROD,  M.A.,  F.G.S. 
Among  the  losses  recently  sustained  by  geological  soienoe,  we  have 
to  record  that  of  Mr.  G.  W.  Ormerod,  who  died  at  Teignmouth  on 
January  6th,  nged  82.  He  was  a  son  of  the  late  George  Ormerod  of 
Tyldersley  House,  Lancaster,  and  Sedbury  Park,  Gloucester,  well 
known  as  the  author  of  "  llie  History  of  Cheshire."  The  Ormerod 8 
were  a  family  which  had  been  connected  with  Ormerod  Hall,  near 
£umley,  in  Lancashire,  since  the  time  of  Edward  111. 

G.  W.  Ormerod,  after  taking  his  degree  at  Oxfoi"d,  practised  for 
some  years  in  the  law  at  Manchester ;  he  subsequently  resided  at 
Chagford  on  the  borders  of  Dartmoor,  and  for  the  last  twenty  years 
at  Teignmouth.  To  the  country  in  which  he  resided  he  devoted  most 
of  his  attention  as  a  geologist.  His  papers  included  the  following : 
an  Outline  of  the  principal  Geological  Features  of  the  Salt-field  of 
Cheshire  and  the  adjoining  districts ;  on  the  *'  Waterstone  Beds  '* 
of  the  Eeuper ;  on  some  Veins  of  Granite  in  the  Carbonaceous 
Books  on  the  North  and  East  of  Devon  and  East  of  Dartmoor; 
Geology  of  the  upper  part  of  the  valley  of  the  Teign ;  on  the  Struc- 
ture of  the  Granite  of  Dartmoor ;  and  papers  on  the  Vew  Red  rocks 
of  the  neighbourhood  of  Teignmouth.  To  geologists  he  was  perhaps 
best  known  as  the  compiler  of  the  Classified  Index  to  the  Transac* 
tions,  Proceedings,  and  Quarterly  Journal  of  the  Geological  Society, 
of  which  the  third  supplement  (up  to  1889)  was  published  last  year. 
He  was  one  of  the  original  members  of  the  Devonshire  Association, 
and  one  of  the  founders  of  the  Teign  Naturalists'  Field  Club,  of 
which  for  many  years  he  was  Secretary. 

WILLIAM  DAVIES,  F.G.S. 
We  regret  to  record  the  death  of  Mr.  William  Davies,  F.G.S. ,  for 
forty-four  years  connected  with  the  Geological  Department  of  the 
British  Museum.  Mr.  Davies  was  born  at  Holywell,  Flintshire,  in 
1814,  and  entered  the  Museum  on  1 9th  Deo.  1843.  He  had  already 
studied  Botany,  and  had  made  a  good  Hortus  siccus  of  British  plants. 
Under  Mr.  Charles  Konig,  he  devoted  himself  to  Mineralogy,  and 
soon  became  an  excellent  eye-mineralogist  He  also  worked  at  the 
fossil  .fishes  in  the  Museum,  many  of  which  he  afterwards  described 
in  this  Magazine.  He  devoted  many  years  of  patient  study  to 
the  fossil  Vertebrates,  but  his  knowledge  was  generously  given  to 
others  as  soon  as  solicited.  With  Sir  Antonio  Brady  he  formed  a  fine 
collection  of  the  Mammalian-remains  from  the  Thames-Yalley  Briok- 
earth,  which  he  described  and  catalogued.  The  Geological  Society  of 
London,  in  1873,  awarded  Mr.  Davies  the  first  Murchison  Medal ; 
and  in  1877  elected  him  a  Fellow  of  the  Society,  the  Council  pre- 
senting him  with  the  Life  Fellowship.        — 

In  1875  Mr.  Davies  was  made  an  Assistant,  and  in  1880  promoted  to  tbe  First 
Class,  in  recognition  of  his  yaluable  services.  He  took  a  very  active  part  in  the 
removal  and  re-arrangement  of  the  Geological  Collections  at  Cromwell  Boad,  from 
1880  to  1887,  when  he  retired  on  a  pension.  He  died  on  the  13th  February  last, 
warmly  esteemed  and  deenly  regretted  by  all  who  knew  him. 

A  list  of  his  papers  will  appear  in  next  monk's  issue. — H.  W. 
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THE    GIGANTIC    CERATOPSIDiE. 

To  illustrate  Prof.  O.  C.  Marsh's  second  paper  on  Tricerafops,  from  the  Upper  Cretaceous 
of  North  America  (May,  1891) ;   see  also  previous  paper  in  Geol.  Mag.   Decade  III.  Vol.  VII. 

PI.  I.  pp.  1—5,  1890. 
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I. — Oh    New  Spkoimkns  of  Dsndiiebpbton  Aoadianum^  with 
Bbmabks  on  otheb  Carbonifsbous  Amphibians. 

By  Sir  J.  William  Dawson,  LL.D.,  F.R.S.,  etc. 

rB  genus  Dendrerpeion  was  established  by  Owen  on  the  evidence 
of  remains  foand  by  Sir  C.  Lyell  and  the  writer  in  an  erect 
tree  at  the  South  Joggins  in  Nova  Scotia  in  1852.'  Other  speci- 
mens were  afterwards  obtained,  and  the  most  complete,  presented 
by  me  to  the  Cabinet  of  the  Geological  Society,  was  found  in  1861, 
and  described  in  my  **  Airbreathers  of  the  Coal  Period."  '  These 
remains  rendered  it  oertaiu  that  the  animal  belongs  to  the  order 
Labyrinthodontia,^  and  it  is  regarded  by  Lydekker  as  the  type  of 
a  family  in  that  group.^ 

As  the  characters  of  the  type-species  ascertained  by  Owen  and  by 
the  writer  have  not  as  yet  been  stated  in  connected  form,  and  the 
genus  may  in  consequence  be  said  to  be  still  imperfectly  known,  it 
may  be  useful  to  sum  them  up  before  proceeding  to  notice  some 
specimens  recently  obtained,  and  which  have  added  somewhat  to 
our  knowledge  of  the  type-species. 

BendrerpeUm  Acadianum,  Owen,  Joum.  Greol.  See.  Lend.  vol.  ix.  1853. 

Skull  of  moderate  size  and  rounded  broadly  in  front.  Nostiils 
small  and  near  the  muzzle.  Orbits  nearly  in  the  middle  of  the 
length.  Occipital  condyle  double.  Parietal  foramen  smalL  Sur- 
face of  cranicd  bones  sculptured  with  relatively  deep  pits.  Teeth 
conical,  smooth  above,  grooved  at  base,  especially  on  the  inner  side ; 
enamel  simply  plicated  at  base.  Outer  series  of  teeth  somewhat 
unequal  and  larger  anteriorly  in  the  intermaxillary  bones.  A  few 
large  teeth  within  on  the  inner  surface  of  the  maxillaries.  A  group 
of  small  simple  teeth  on  the  vomerine  bones.  Mandibles  sculptured 
like  the  skull,  but  much  more  feebly.  Teeth  similar  to  those  in  the 
upper  jaw,  but  not  larger  in  front.  For  the  arrangement  of  the 
central  cmnial  bones  see  diagram  in  Memoirs  on  Animal  Bemains 
in  Erect  Trees,  Phil.  Trans.  Royal  Society,  1882,  pi.  44. 

>  Jonm.  Geol.  Soe.  of  London,  yoI.  iz.  p.  66.  A  preliminary  examination  of  the 
cpecimena  had  been  made  by  the  late  Prof.  J.  Wyman,  of  Cambridge,  U.S.,  and 
iras  quoted  bv  Prof.  Owen. 

*  Montreal,  1863.  See  also  Joarn.  Geol.  Soc.  yoI.  zvi.  p.  273  ;  vol.  zyiii.  p.  6 ; 
and  vol.  xix.  p.  470. 

*  Jonm.  Oeol.  Soc.  toI.  xt.  p.  274 ;  also  '<  Airbreathere  of  the  Goal  Period." 

*  Brit.  Mnseum  Catalog^ue,  Reptiles  and  Amphibia,  vol.  iy.  p.  170;  also 
Kicholson  and  Lydekker,  Manual  of  Paleeontology,  vol.  ii.  p.  1032. 
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Vertebrae  imperfectly  ossified,  very  slightly  bioonoave,  with  large 
and  broad  neural  processes  in  dorsal  region.  Those  of  the  t«il  have 
spines  above  and  belo.w.  Bibs  of  moderate  length,  with  expanded 
head  and  slight  shoulder ;  solid  towards  the  head,  but  hollow  and 
thin- walled  at  distal  end,  the  longest  barely  equal  to  the  breadth  of 
the  skull,  curved,  the  anterior  ones  very  much  so,  scapular  and 
pelvic  bones  large  and  well  ossified.     Ilium  ?  broad. 

Limbs  well  developed,  especially  the  anterior  pair.  Limb-bones 
ossified  and  cancellated  at  the  extremities,  and  with  bony  walls  of 
considerable  thickness.  Humerus  equal  to  more  than  half  of  the 
length  of  the  mandible.  Femur  smaller  than  humerus,  the  tibia 
flattened  at  the  extremity.  Toes  five  in  each  foot,  somewhat  broad 
and  short. 

Chest  covered  with  bony  scales,  which  are  thin,  unequally  ovate 
and  about  half  as  wide  as  long,  and  marked  with  obscure  concentric 
lines.  They  have  a  thickened  edge  or  margin  interiorly.  They  are 
arranged  in  chevron  and  close  together,  forming  a  compact  armour. 
There  appears  to  have  been  a  rhombic  breast-plate  in  front,  with 
obscure  radiating  lines,  but  this  has  only  been  found  detached. 

Skin  of  upper  surface  of  body  minutely  granular  or  scaly,  with 
a  semicircular  patch  of  homy  tubercles  in  front,  which  I  have 
referred  to  the  snout,  but  it  may  have  belonged  to  the  back  of  the 
head.  On  the  throat  or  sides  were  flat,  pointed,  and  apparently 
flexible  lappets  marked  with  elongated  areoles  and  pores.  Nearly 
the  whole  skin  of  some  specimens  has  been  preserved  in  the  erect 
trees  apparently  by  a  sort  of  tanning  process,  but  it  is  so  flattened 
and  crumpled  that  its  form  is  scarcely  discernible. 

The  following  are  the  dimensions  of  two  specimens,  one  of  them 
(No.  2),  that  of  1890,  and  the  largest  yet  obtained : — 


No 

.  I. 

No 

.  2. 

Length  of  Sbill*        

...     7  centimetres. 

9  centimetres. 

Breadth  of  Skull*       

...    6 

6 

Length  of  Mandible    

...    6-6 

8-6 

„        Humerus    

...     3-6 

4-3 

„        Ulna 

...     2-6 

— 

,,        Femur »     ...     ... 

...     2-6 

— 

„        Rib     

...     2- 

2-8 

„        Eleven  vertebras 

...     5-6 

— 

*  The  skulls  being  flattened  and  crushed,  these  measurements  are  not  certain. 

In  form,  Dendrerpeton  Acadianum  was  probably  elongated  and 
lizard-like;  with  a  broad  flat  head,  short  stout  limbs,  and  an 
elongated  tail ;  and  having  the  skin  of  the  belly  protected  by  small 
bony  plates  closely  overlapping  one  another,  while  the  upper  part 
of  the  body  was  covered  with  a  tough  skin  more  or  less  scaly  and 
ornamented  in  parts  with  lappets  or  pendants.  As  in  the  case  of 
other  small  Reptilians  of  the  Coal,  its  enemies  were  found  rather 
below  than  above.     Its  armour  therefore  was  beneath. 

The  bone-cells  are  broad  and  with  much-branched  canaliculi,  those 
of  the  bony  scales  being  similar  to  those  of  the  other  bones.  The 
hollow  bones  are  occupied  with  calcite  stained  brown  and  probably 
representing  cartilage. 
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Not  having  visited  the  Jogging  for  some  years,  and  the  gentleman 
on  whom  I  had  relied  to  give  me  intimation  of  new  exposures  of 
reptiliferous  trees  having  left  the  locality,  I  made  a  short  excursion 
to  the  place  last  summer,  and  found  two  trees  partially  exposed  in  the 
reef.  These  were  extracted  with  the  kindly  aid  of  Mr.  McNaughton, 
Superintendent  of  the  Joggins  Mine,  but  unfortunately  proved  un- 
productive. A  large  tree  had  fallen  from  the  cliff  in  the  previous 
winter  and  had  possessed  a  layer  of  very  productive  material  in  its 
lower  part,  much  of  which  had  however  been  removed  by  the  waves. 
I  succeeded  in  obtaining  a  portion  of  this  material,  which  on  examin- 
ation proved  to  contain  parts  of  the  skeletons  of  two  specimens  of 
Dendrerpeton  Acadianum  and  one  of  D,  Ouoeni.  No  other  reptilian 
bones  nor  remains  of  millipedes  or  of  land  shells  were  observed. 

The  specimens  of  D.  Acadianum  were  the  largest  yet  found,  and 
some  of  the  bones  were  in  a  more  perfect  state.  As  examples  of 
these  I  figure  (Fig.  1)  the  two  mandibles  of  the  largest  specimen. 
These  seem  to  have  separated  on  the  decay  of  the  body  and  to  have 
fallen  across  one  another,  so  that  they  lie  side  by  side  and  reversed. 
They  are  8-6  centimetres  in  length,  and  one  of  them  shows  very  well 
the  corrugated  sculpture  of  the  bone  and  a  number  of  the  teeth. 
On  the  same  slab,  represented  in  Fig.  1,  is  a  well-preserved  humerus. 
It  has  been  exposed  by  cleaning  away  some  of  the  stone,  which 
probably  contains  other  bones  of  the  fore-leg ;  but  they  cannot  be 
worked  out  without  destroying  those  in  sight 


Fio.  I. — Humerus  and  Mandibles  of  Dendrerpeton  Acadianum.    Natural  size. 

I  would  call  attention  to  the  humerus  as  indicating  the  develop- 
ment of  the  fore-limb  in  this  species.  The  bone  in  this  probably 
mature  specimen  is  better  ossified  than  in  smaller  and  probably 
jounger  specimens.     In  length  it  is  43  centimetres,  or  half  that  of 
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the  mandible,  thus  exceeding  in  relative  size  the  humerus  of  the 
American  Alligator,  while  its  form  indicates  a  limb  of  much  muscular 
power.  Other  specimens  show  that  the  hind-limb  was  not  larger 
than  the  fore-limb ;  on  the  whole  it  was  perhaps  feebler,  so  that  in 
this  animal  there  was  no  approach  to  that  exaggerated  size  of  the 
hind-limb  seen  in  some  of  the  larger  Labyrinthodonts, 


Fio.  2. — Ribs,  Phalanx,  Scales,  Scapular  bones,  and  part  of  Skull  of  Lmdrerpeton 
Acadianum.    Natural  size. 

The  slab  represented  in  Fig.  2  shows  the  anterior  part  of  the 
crushed  skull,  giving  its  broadly  rounded  form  in  front,  and  the 
sculpturing  of  the  bone.  After  the  photograph  from  which  the  cut 
is  copied  was  taken,  a  portion  of  the  matrix  was  removed,  so  as  to 
expose  the  outer  teeth  on  one  side  and  one  of  the  large  inner  teeth. 
One  of  the  former  with  the  sculpturing  of  the  edge  of  the  maxillary 
bone  is  represented  enlarged  in  Fig.  3. 


Fio.  3.— Outer  tooth  and  portion  of  Maxillary  bone  of  Dendrerpeton 
Acadianum, — Enlarged. 

On  the  slab  Fig.  2  are  two  slender  bones  and  a  larger  bone  which 
I  suppose  to  be  parts  of  the  shoulder-girdle.  There  are  also  two  of 
the  anterior  ribs  and  some  bones  of  the  foot  (among  them  a  phalanx) 
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Blowing  portions  of  four  of  the  bones  in  position,  and  giving  for 
one  of  the  toes  of  the  fore-foot  a  length  of  about  2*3  oentimetres ; 
also  a  few  of  the  anterior  abdominal  scutes.  All  the  bones  repre- 
sented belong  to  the  anterior  parts  of  the  animal;  the  portion 
of  the  tree  containing  its  posterior  parts  had  unfortunately  been 
destroyed  or  removed  by  the  sea. 

I  have  remarked  in  previous  memoirs  that  possibly  the  animals 
found  in  the  erect  trees,  while  they  must  all  have  been  of  terrestrial 
rather  than  aquatic  habits,  may  in  some  oases  have  been  young 
individuals  of  the  species  to  which  they  belonged.  This  supposition 
is  to  a  certain  extent  borne  out  by  the  present  specimens,  which 
are  considerably  larger  than  the  corresponding  parts  of  individuals 
previously  found,  and  have  the  bones  more  ossified  and  more 
strongly  sculptured.  Possibly,  however,  we  may  not  yet  know  the 
species  in  its  full  magnitude. 

This  suggests  the  question  whether  D.  Oweni  may  be  founded  on 
still  younger  individuals  of  the  same  species.  The  likelihood  of  this 
18  not,  however,  increased  by  the  new  discoveries.  The  specimen 
of  D.  Oweni  found  in  the  tree  of  1890  is  quite  as  distinct  as  those 
previously  found.  It  has  longer,  more  curved  and  pointed  teeth, 
thinner  and  less  sculptured  cranial  bones,  llie  mandibles  are  only 
very  feebly  sculptured.  The  limbs  and  feet  seem  to  have  been  similar 
to  those  of  D.  Acadianumf  but  the  abdominal  bony  scales  were 
narrower  and  more  pointed  or  ''  oat-shaped,"  and  the  skin  of  the 
upper  surface  more  distinctly  scaly.  On  the  whole,  therefore,  the 
evidence  is  in  favour  of  D.  Oweni  having  been  a  smaller  species 
allied  to,  but  presenting  so  far  as  known  no  connecting  links  with, 
its  larger  congener. 

HyhmomuB  LyelU,  Dawson,  Joum.  Oeol.  Soo.  Lond.  vol.  xv.  1859| 

p.  274. 

Though  the  newly-found  specimens  throw  no  farther  light  on  the 
amphibians  of  the  group  Mierosauria  found  in  the  same  repositories 
wiUi  DendrerpeUm,  they  have  invited  comparison  and  fresh  study  of 
the  material  previously  obtained,  and  I  desire  in  this  connexion  to 
state  the  reasons  which  have  induced  me  from  the  first  to  maintain 
that  EylanomuSy  Hylerpeton,^  Smilerpeiim,  and  Fritschia^  are  not 
Lahyrinthodonts  properly  so  called,  and  belong  to  a  quite  distinct 
group,  making  in  some  respects  nearer  approach  to  the  reptilian 
order  to  which  the  FroteroBauruB  of  the  Permian  belongs. 

We  may  take  Hylonamua  LyeUi,  the  best  known  of  these  animals, 
as  a  type,  and  I  would  state  the  following  points  of  comparison  with 
Dendrerpeion^  and  most  if  not  all  other  typical  Lahyrinthodonts. 

1.  As  to  the  skull,  this  is  large  behind  and  pointed  in  front,  and 
its  bones  are  smooth,  while  the  teeth  are  perfectly  simple,  without 
any  trace  of  fluting  or  plication  of  the  enamel,  and  there  are  no 
interior  large  teeth.  The  nasal  and  maxillary  bones  are  smooth^ 
thin,  and  elongated.    The  parietal  bones  larger  and  more  convex 

»  Owen,  J.G.8.  vol.  xviii.  1862,  p.  241. 

>  Dawson,  Phil.  Trans.  Boyal  Society,  1882,  pt.  ii.  pp.  638,  641. 
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thaa  in  most  other  amphibians.  The  bone  whioh  I  suppose  to  be 
the  parasphenoid  has  a  long  axial  process,  and  the  posterior  end 
moderately  broad.  On  the  other  hand,  it  is  certain  that  the  skull 
has  an  open  parietal  foramen,  has  a  group  of  small  palatal  teeth,  and 
has  two  occipital  condyles. 

2.  As  to  the  trunk.  The  Tertebr»  are  long,  hour-glass-shaped, 
biconcave,  and  ossified  exteriorly,  with  large  and  broad  neural 
and  lateral  processes.  The  ribs  are  well  developed,  curved,  and 
with  a  double  head.  The  scapular  and  pelvic  bones  are  large, 
especially  the  latter,  which  has  a  very  broad  well-ossified  principal 
bone,  perhaps  the  ilium.  The  pelvic  bones  thus  resemble  those 
of  Diplovertehron  ^  of  Fritsch,  whioh  is,  however,  an  animal  very 
different  in  other  respects.  I  regret  that  I  have  had  no  means  of 
ascertaining  whether  the  pelvis  of  H.  Lyelli  was  attached  to  one 
sacral  vertebra  or  more.  The  large  size  of  the  pelvis  would,  how- 
ever, render  its  attachment  to  a  single  vertebra  improbable,  and  in 
the  skeletons  on  the  slabs  (a)  and  (7)),  Fig.  4,  there  are  in  the 
vicinity  of  the  pelvis  pairs  of  vertebrae  attached  to  each  other  in 
such  a  manner  as  to  suggest  that  they  were  permanently  united. 

3.  The  limb-bones  and  ribs  have  a  thin  and  hard  outer  bony  coat, 
the  interior  being  usually  filled  with  calcite  darkened  by  organic 
matter,  probably  remains  of  cartilage.  The  bones  of  the  limbs  and 
feet  are  long  and  slender,  with  well -ossified  extremities,  and  their 
forms  indicate  slender  limbs  and  active  habits.  The  hind-limb  in 
particular  is  somewhat  larger  than  the  anterior ;  and  this  with  the 
size  of  the  pelvis  indicates  a  form  of  body  broader  behind,  narrower 
in  front.  In  farther  connexion  with  this  I  have  remarked  in  former 
papers  that  the  skeletons  of  this  animal  always  lie  on  the  side^ 
indicating  that  the  body  was  flattened,  not  vertically,  but  laterally, 
as  in  some  Lizards.  This  I  regard  as  an  important  diagnostic 
character  for  Sylonomua,  and  it  does  not  seem  <o  apply  to  the  genus 
Hyloplesion  of  Fritsch,  which  is  flattened  vertically,  as  well  as  much 
inferior  in  development  of  pelvis  and  limbs. 

4.  As  to  dermal  covering,  Hylonomus  has  the  abdomen  protected 
by  bony  scales,  but  differing  in  form  and  probably  in  arrangement 
from  those  of  Dendrerpeton,  The  covering  of  its  upper  part  was 
however  peculiar  to  itself,  presenting  a  perfectly  scaly  surface  of 
true  corneous  scales  and  with  ornamental  tubercles  and  spiny 
epaulettes  on  the  shoulders,  of  which  there  is  no  trace  in  any  other 
known  amphibian,  recent  or  fossil.  It  also  possessed  pendant  fringes 
of  cuticle  like  those  of  Dendrerpeton. 

In  connexion  with  this  statement,  I  copy  here  (Fig.  4)  from  my 
"  Airbreathers  of  the  Coal  Period "  an  illustration  of  the  scattered 
bones  of  a  skeleton  of  Bylonomua  Lyelli,  and  some  of  the  parts 
enlarged,  which  will  serve  with  the  accompanying  description  to 
illustrate  some  of  the  structures.  I  have  given  in  the  paper  above 
referred  to,  in  the  "  Transactions  of  the  Royal  Society,"  a  copy  of  a 
portion  of  the  scaly  armour  from  a  micro-photograph. 

^  Plate  62,  Fauna  der  Gaskohle.  As  interpreted  by  Fritsch,  the  flat  bone  is  called 
the  pubis. 
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Fig,  4 — Hylonomus  LyeUV- 


Eeprinted  from  "<  Airbreathen  of  the  Coal  Period,"  1868. 
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Fxo.  4. — Rylonomus  LyeUi.    Explanation  to  faob  151. 

«.  Skeleton  in  matrix,   showing  jaws,  /.  Bones  of  foot ;  enlarged. 

ribs,  yertebriB,  pelvis,  and  oiones  of  g.  Parietal  bones,  showing  foramen ;  enL 

limbs.  A.  Vertebra;  enlarged. 

h.  Portion  of  skeleton  in  matrix,  show-  j.  Ribs ;  enlarged. 

in^  yertebrsB  and  limb-bones.  k,  'Rowj  scale ;  enlarged. 

e.  Portion  of  maxilla  with  teeth ;  enl.  I.  Portion  of  scaly  cuticle. 

d.  Cross-sections  of  teeth  ;  enlarged.  m.  to  «.  Homy  scides,  bristles,  tubercles, 
#.  Anterior  end  of  mandible  with  teeth ;  and  other  appendages  of  the  same ; 

enlarged.  magnified. 

HylanomuB  LyeUi  was  an  animal  of  small  size.  Its  skull  is  about 
an  inch  in  length,  and  its  whole  body,  even  if,  as  was  likely,  furnished 
with  a  tail,  could  not  have  been  more  than  six  or  seven  inches  long. 
No  complete  example  of  its  skull  has  been  found.  The  bones 
appear  to  have  been  thin  and  easily  separable ;  and  even  when  they 
remain  together,  are  so  much  crushed  as  to  render  the  shape  of  the 
skull  not  easily  discernible.  They  are  smooth  on  the  outer  surface 
to  the  naked  eye,  and  under  a  lens  show  only  delicate  uneven  strife 
and  minute  dots.  They  are  more  dense  and  hard  than  those  of 
Dendrerpeton,  and  the  bone-cells  are  more  elongated  in  form.  A 
Bpecim^n  in  my  possession  shows  the  parietal  and  occipital  bones, 
or  the  greater  part  of  them,  united  and  retaining  their  form.  We 
learn  from  them  that  the  brain-case  was  rounded,  and  that  there 
was  a  parietal  foramen.  Well-preserved  specimens  of  the  maxil- 
lary and  mandibular  bones  have  been  obtained.  They  are  smooth, 
or  nearly  so,  like  those  of  the  skull,  and  are  furnished  with  numerous 
sharp,  conical  teeth,  anchylosed  to  the  jaw,  in  a  partial  groove 
formed  by  the  outer  ridge  of  the  bone.  In  the  anterior  part  of  the 
lower  jaw  there  is  a  group  of  teeth  larger  than  the  others.  The 
intermaxillary  bone  has  not  been  observed.  The  total  number  of 
teeth  in  each  ramus  of  the  lower  jaw  was  about  forty,  and  the 
number  in  each  maxillary  bone  about  thirty.  The  teeth  are  perfectly 
simple,  hollow  within,  and  with  very  fine  radiating  tubes  of  ivory. 
The  vertebr»  have  the  bodies  cylindrical  or  hour-glass-shaped, 
covered  with  a  thin,  hard,  bony  plate,  and  having  within  a  cavity 
of  the  form  of  two  cones  attached  by  the  apices.  This  cavity  was 
completely  surrounded  by  bone,  as  it  is  filled  with  stained  calc-spar 
in  the  same  manner  as  the  cavities  of  the  limb-bones.  It  was 
probably  occupied  with  cartilage.  The  vertebrsd  were  biconcave. 
The  neural  spines  are  short  and  broad,  with  zygi^physes,  and  are 
not  separable  from  the  bodies,  the  neural  ardhes  being  perfectly 
anchylosed  to  the  bodies  of  the  vertebras.  There  are,  on  the  dorsal 
vertebrsd,  strong  diapophyses  or  lateral  spines,  to  which  the  ribs 
were  articulated.  The  ribs  are  long,  curved,  and  at  the  proximal 
end  have  a  shoulder  and  neck.  They  are  hollow,  with  tUn,  hard, 
bony  walls.  There  are  short  ribs  which  may  be  cervical.  The 
anterior  limb,  judging  from  the  fragments  procured,  seems  to  have 
been  slender,  with  long  toes,  four  or  possibly  five  in  number.  The 
posterior  limb  was  longer  and  stronger,  and  attached  to  a  pelvis  so 
large  and  broad  as  to  give  the  impression  that  the  creature  enlarged 
considerably  in  size  towards  the  posterior  extremity  of  the  body,  and 
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that  it  may  have  been  in  the  habit  of  sitting  erect.  The  thigh-bone 
is  well  formed,  with  a  distinct  head,  and  the  lower  extremity  flattened 
and  moulded  into  two  articulating  surfaces  for  the  tibia  and  fibula, 
the  fragments  of  which  show  that  they  were  much  shorter.     The 

^^    toes  of  the  hind-feet  have  been  seen  only  in  detached  joints.     They 

'*  seem  to  have  been  thicker  than  those  of  the  fore-foot.  Detached 
vertebrae,  apparently  caudal,  have  been  found,  but  the  length  of  the 
tail  is  nnknowu.  The  limb-bones  are  usually  somewhat  crushed 
and  flattened,  especially  at  their  articular  extremities,  and  this 
seems  to  have  led  to  the  error  of  supposing  that  this  flattened 
form  was  their  normal  condition ;  there  can  be  no  doubt,  however, 
that  it  is  merely  an  effect  of  pressure.  The  limb-bones  present  in 
cross-section  a  wall  of  dense  bone  with  elongated  bone-cells,  sur- 
rounding a  cavity  now  filled  with  brown  calc-spar,  representing 
cartilage.  Nothing  is  more  remarkable  in  the  skeleton  of  this 
creature  than  the  contrast  between  the  perfect  and  beautiful  forms 
of  its  bones,  and  their  imperfectly  ossified  condition,  a  circumstance 
which  raises  the  question  whether  these  specimens  may  not  repre- 
sent the  young  of  some  reptile  of  larger  size. 

The  dermal  covering  of  this  animal  is  represented  in  part  by 
oval  bony  scales,  which  are  so  constantly  associated  with  its  bones 
that  I  can  have  no  doubt  that  they  belonged  to  it,  being  the 
clothing  of  its  lower  or  abdominal  parts ;  while  above  it  was  clad 
in  the  beautiful  scaly  covering  above  described.  The  scales  are 
thicker  than  those  of  Dendrerpeion,  On  the  inner  side  they  are 
concave,  with  a  curved  ledge  or  thickened  border  at  one  edge.  On 
the  outer  side  they  present  concentric  lines  of  growth.  The  com- 
panion genera  above  named  are  not  known  so  completely  as  Hylono" 
niu,  but  all  their  charactera  so  far  as  known  would  place  them  with 
it  as  members  of  the  same  group  rather  than  with  Dendrerpetan  and 
its  allies.  Of  other  American  forms  it  appears  to  me  probable  that 
Savropleura  digitata  of  Cope  *  may  be  very  near  to  my  genus  Fritschia, 
and  agrees  with  it  in  having  rod-like  abdominal  scales,  but  its 
head  is  not  yet  known.  Brachydectes  of  the  same  author  is  very 
Dear  to  Sylerpeton,  especially  as  specimens  of  the  latter  recently 
ohtained  show  some  characters,  as  the  ascending  ramus  of  the  lower 
jaw,  on  which  Cope  distinguishes  this  genus. 

Of  Fritsch's  species  several  may  come  within  the  group  of  Micro- 
sauria.  The  genus  Hylnplenon  of  this  author  has  indeed  been  united 
hv  Credner  with  JSylonomtu,  a  position  to  which  it  scarcely  seems 
entitled,  and  Petrobatea  of  Credner  is  nearly  allied,  while  Seelya  and 
Daw$onia  of  Fritsch  also  approach  to  the  characters  of  this  order. 
Still  the  whole  of  these  animals  seem  very  inferior  in  development 
of  limb  and  form  of  body  to  I/ylonomua, 

I  regret  very  much  that,  owing,  as  I  believe,  to  imperfection  of 
material,  so  many  palaeontologists  have  failed  to  appreciate  fully 
the  characters  of  Hylonomua  as  a  type  of  the  higher  Carboniferous 

I         Amphibia  approaching  to  Reptilia. 

Fritsch,  in  the  conclusion  of  his  important  work  on  the  Stego- 

I  >  Ohio  Beports,  vol.  ii.  p.  388. 
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oephala  of  the  Gas-ooal  of  Bohemia,  has  some  valuable  lemarkB  on 
the  affinities  of  these  animals ;  and,  though  I  oan  by  no  means  agree 
ivith  the  manner  in  which  he  arranges  them  in  families,  or  with 
the  way  in  which  he  mixes  up  Labyrinthodontia  and  Microsauria 
with  other  creatures  so  different  as  the  BranchiosauridsB  and  the 
Ophiderpeton  group,  I  think  his  conclusions  deserve  mention,  and 
may  state  them  nearly  in  his  own  words  as  follows : — 

After  remarking  on  the  fact  that  we  know  no  clear  links  of 
derivation  from  any  previous  animals,  he  states  that  on  any  theory 
of  derivation  different  origins  must  be  supposed.  He  illustrates 
this  by  the  characters  of  the  vertebras  in  different  genera,  as,  for 
instance,  the  biconcave,  the  partly  cartilaginous,  and  the  diplo- 
vertebrate  types. 

Whatever  view  may  be  taken  of  their  origin,  the  increased 
knowledge  of  their  structures  has  not  made  clear  as  yet  their 
precise  relation  to  modeiii  Amphibia  and  Heptilia ;  and  only  serves 
to  make  us  doubt  whether  the  distinctions  recognized  in  the  modem 
forms  apply  to  these  ancient  creatures  in  the  same  degree.  We 
seem  indeed  to  have,  both  in  the  Labyrinthodonts  and  the  Micro* 
saurians,  composite  or  generalized  types  having  properties  akin  to 
those  of  both  classes,  and  these  in  very  different  degrees.  If  we 
regard  them  all  as  agreeing  in  the  general  structure  of  the  skull, 
with  its  free  parasphenoid,  and  a  similar  set  of  bones  in  the 
shoulder-girdle,  then  we  shall  find  that  in  other  respects  we  have 
a  heterogeneous  assemblage,  some  agreeing  in  the  formation  of  the 
vertebrae,  ribs,  and  pelvis,  with  Amphibians,  others  with  Beptiles; 
and  there  are  corresponding  differences  in  the  dermal  covering.  If 
we  attempt  to  group  these  creatures  in  orders  and  families,  we  are 
met  with  very  great  difficulties,  owing  to  the  variety  and  kinds 
of  their  differences,  which,  in  connection  with  the  imperfection  of 
the  material,  almost  defy  the  classifier. 

So  far  Fritsoh,  and  I  may  add  that  I  consider  that  little  is  gained 
by  grouping  animals  so  diverae  in  organization  under  one  head  of 
8tegocephala  in  consequence  of  resemblances  in  certain  cranial  bones, 
and  that  a  more  general  and  large  view  should  be  taken  of  the  tout 
ensemble  of  their  structures. 

With  reference  to  that  selection  of  these  animals  which  has  been 
preserved  in  the  erect  trees  of  Nova  Scotia,  the  only  ones  which 
it  has  been  necessary  for  roe  to  study,  I  have  no  hesitation  in 
placing  in  two  orders  or  families,  that  of  the  Labyrinthodontia,  to 
which  Dendrerpetan  belongs,  and  that  of  the  Microsauria,  including 
Bylonomus,  Bylerpeton,  Fritschia,  and  Smilerpeton,  all  of  which  have 
many  important  points  in  common.  The  other  forms  I  leave  to 
those  who  have  to  deal  with  them,  but  I  feel  convinced  that  some 
of  them  should  be  separated,  probably  ordinally,  from  the  above. 

The  following  extract  from  Credner  on  the  systematic  position  of 
BylonamuB  and  Petrobales,  shows  that  he  to  some  extent  shares  in 
these  views.^     It  should  be  understood,  however,  that  his  ByUmomu9 

1  Zeitsch.  DentBch.  f^l.  Gesellflch.,  Berlin,  1890,  p.  257. 
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18  Bf/loplesum  of  Fritsob,  and  possibly  not  congeneric  witb  EylonamuB 
proper,  and  certainly  less  reptilian  in  its  cbaracters. 

"  The  question  whether  BylanomuB,  and  especially  whether  Petro* 
hates,  is  to  be  classed  witb  the  Stegocepbala  or  witb  the  Bhyncho- 
oephala,  is  not  one  wbicb  can  be  at  ouoe  decided.  The  long,  bent, 
trunk  ribs,  the  marking  off  of  the  cervical  section  by  sbort  differently* 
sbaped  ribs,  the  rbombic  borned  episternum,  the  bony  pubica,  the 
ossification  of  the  carpus  and  tarsus  taken  together  give  botb 
quadrupeds  a  reptilian  habitus.  In  tbe  case  of  Fetrobates  this 
becomes  more  pronounced  by  tbe  occurrence  of  ventral  ribs  and  of 
intercentral  lower  arcbes  dovetailed  in  between  the  vertebral  centres 
of  the  neck.  On  the  other  hand,  Hylonomua  and  Petrohatea  have, 
like  the  Amphibians,  only  one  sacral  vertebra.  A  more  primitive 
habitus  is  also*  presented  in  the  persistence  of  the  continuous  chorda, 
in  the  insignificant  superficial  ossification  of  the  elements  of  the 
skeleton,  the  absence  of  ossification  in  the  heads  of  the  hollow  bones 
of  the  extremities,'  and  in  the  uniform  shape  of  the  small  teeth. 

"In  Eylonotnua  this  becomes  strengthened  by  an  apparently  true 
Bt^ocephalic  skull-cover,  as  well  as  by  the  thick  comb-like  develop- 
ment of  teeth  in  the  roof  of  the  mouth,  and  the  presence  of  a  ventral 
shield  of  bony  scales. 

"These  several  points  of  resemblance  connect  Hylonomm  (Bylo- 
pUtion)  rather  with  the  Stegocepbala,  while  Petrobatea,  on  account 
of  its  ventral  ribs  and  intercentral  arches,  comes  nearer  the  Rhyncho* 
eephala.  In  other  words,  they  both  possess  a  general,  as  yet  but 
Blighfly  difierentiated,  common  habitus,  but  in  Hylonomua  (Hylople- 
tion)  the  primitive  type  is  more  pronounced  than  in  Petrohatea,  in 
'which  already  a  great  specialization  in  the  direction  of  the  Bhyncho- 
oephala  finds  expression.  If  one,  in  considering  Petrohatea,  dis- 
regards the  skull,  which  is  not  accurately  enough  known,  one  might 
hold  this  quadruped  to  be  a  small  Rhynchocephalian,  of  the  family 
of  tbe  Proterosauridas,  if  it  were  not  that  the  presence  of  only  a 
single  sacral  vertebra  was  opposed  to  this  view.  It  appears  as  if 
Hylonomua,  Petrohatea,  Palaohatteria,  and  Kadalioaaurua  belong  to 
a  natural  group  of  contemporaneous  quadrupeds,  representing  how- 
ever as  many  stages  of  specialization  in  tbe  direction  of  Reptiles." 

Bearing  in  mind  that  the  typical  species  of  Hylonomua,  represented 
by  H.  Lyelli,  are  in  some  important  respects  nearer  to  Palceohatteria 
and  Kadalioaaurua  (which  are  regarded  by  all  palsdontologists  as 
generalized  reptilian  genera  tending  to  Amphibians)  than  either 
Bylopleaion  or  Petrohatea,  this  conclusion  of  Credner  becomes  very 
significant  as  to  the  position  of  the  Microsauria,  and  may  be  regarded 
M  confirmatory  of  the  conclusions  which,  though  not  a  specialist  in 
fossil  reptilia,  I  have  ventured  to  suggest  in  connexion  with  the 
species  which  I  have  been  induced  to  study,  in  consequence  of  their 
connexion  with  my  other  work  in  Carboniferous  geology. 

It  roust  be  remembered  that  the  repositories  in  which  Hylonomua 
and  its  companions  are  contained  are  of  an  exceptional  nature,  and 
likely  to  have  entrapped  animals  specially  terrestrial  in  their  habits. 
'  These  cbaract^n  do  not  apply  in  so  great  degree  in  Mylonomut  proper. 
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I  have  elsewhere  *  referred  to  the  fact  that  even  in  the  basal  beds  of 
the  Carboniferous  (Horton  senes)  there  are  footprints  of  quadrupeds 
of  larger  size  than  Hylonomus,  which  were  digitigrade,  and  had 
a  length  of  stride  comparable  with  that  of  modern  carnivorous 
mammals.  I  therefore  anticipate  the  discovery,  in  these  Lower 
Carboniferous  beds,  of  reptiles  of  as  high  or  higher  grade  than  those 
hitherto  found  in  the  Coal-formation  or  Lower  Permian,  throughout 
which  periods  the  same  or  similar  forms  seem  to  have  prevailed. 


IL — On  the  vbby  Rsoent  and  Bapid  Elevation  of  the 
Highlands  of  Eastern  Asia. 

B7  Hbnrt  H.  Howobth,  Esq.,  M.P.,  etc.,  etc. 
[Concluded  from  our  last  Number,  p.  104.) 

THESE  opinions  of  Mr.  Campbell,  however  clearly  and  pre- 
cisely stated,  are  so  strong  and  emphatic,  that  I  wish  to  con- 
firm them  by  those  of  another  experienced  geologist,  who  worked 
much  among  the  Himalayas,  namely.  General  McMahon.  In  "Notes 
of  a  Tour  through  Hangrang  and  Spiti,"  published  in  the  twelfth 
volume  of  the  Kecords  of  the  Geological  Survey  of  India,  he  describes 
the  existing  glaciers  and  their  remains  in  tbe  district,  and  then 
says:  '*I  do  not  know  whether  any  one  has  ever  supposed  that  the 
Himalayas  were  covered  during  the  last  Glacial  period  with  an 
ice-cap,  but  I  may  note  that  whilst  I  saw  nothing  to  favour  such 
an  idea,  I  saw  much  to  negative  it.  The  contour  of  the  hills  and 
valleys  in  those  parts  of  the  interior  of  the  Himalayas  that  I  have 
visited  is  sharp  and  angular,  and  where  rounded  outlines  are  seen, 
they  are  sufficiently  explained  by  the  action  of  subaerial  forces  on 
comparatively  soft  and  friable  rocks. 

*'  But  setting  aside  the  idea  of  an  ice-cap,  the  question  remains — 
Was  there  formerly  any  great  extension  of  local  glaciers,  and  if 
so  within  what  limits?  To  this  question  I  answer  that,  whilst  I 
saw  evidence  of  the  former  extension  of  existing  glaciers,  I  saw 
nothing  during  my  tour  to  lead  me  to  believe  that  these  glaciers 
had  ever,  within  a  reasonable  geological  period,  extended  lower  than 
11,000  or  12,000  feet  above  the  sea. 

"  On  looking  down  from  a  high  vantnge  ground,  deep  narrow  side 
valleys  may  be  seen  on  the  Upper  Sutlej,  below  that  level,  in  which 
the  course  of  the  streams  flowing  through  them  is  so  sinuous  that 
the  sharp  headlands  formed  by  their  sudden  bends  interlace  like  the 
nuts  of  cogwheels  working  into  each  other.  The  flow  of  ice  in  a 
glacier  being  analogous  to  the  flow  of  water  in  a  river  and  its 
tributaries,  a  grand  glacier  filling  the  valley  of  the  Sutlej  would  not 
have  prevented  the  flow  of  ice  from  the  side  glaciers  into  the  main 
glacial  stream.  £ut  had  these  side  valleys  ever  been  filled  with 
glaciers,  the  sharp  interlacing  headlands  would  have  been  gradually 
worn  down  to  smooth  surfaces,  and  the  valleys  straightened  and 

^  Trans.  Boy.  Soc.  part  ii.  1882,  p.  663. 
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widened.  The  only  valley  in  the  Himalayas  I  have  yet  seen  that  is 
shaped  like  a  glacier  valley  is  the  Spiti  valley.  The  greater  part  of 
it  is  11,000  feet  above  the  sea,  and  its  bottom,  especially  in  the 
upper  part  of  the  valley,  is  broad  and  flat,  while  the  bounding 
mountain  sides  rise  abruptly  in  a  wall-like  manner  at  a  high  angle, 
and  send  no  sharp  projecting  spurs  into  the  valley  "  (ti.  p.  68). 

Lastly  Strachey,  a  very  judicial  observer,  says,  writing  in  1880, 
**  Till  now  no  geological  evidence  has  been  adduced  to  indicate  in 
this  region  anything  corresponding  to  the  Qlacial  epochs  of  Northern 
Europe,  to  which  these  former  extensions  of  the  glaciers  could  be 
attributed  "  (Enoy.  Brit.  vol.  xi.  p.  831). 

The  evidence  from  the  Himalayas  must  therefore  l>e  taken  as 
proving  emphatically  the  absence  of  anything  like  the  glacial 
phenomena  of  Europe  there.  Notwithstanding  the  enormous  height 
of  that  range,  and  its  consequent  efSoiency  as  a  condenser,  and  not- 
vrithstanding  its  close  presence  to  a  great  sheet  of  water  in  Central 
Asia  now  dried  up,  it  shows  no  traces  of  that  great  growth  of  glaciers 
which  marked  the  same  period  in  Europe  and  North  America.  I 
have  no  other  explanation  to  give  save  and  except  the  one  I  offered 
in  regard  to  the  similar  phenomena  in  the  Ural  chain,  namely,  that 
this  great  mass  and  congeries  of  mountains  was  then  non-existent. 

If  we  turn  to  another  kind  of  evidence,  namely,  that  of  the  salt 
lakes,  which  are  found  scattered  over  the  vast  area  occupied  by  the 
Highlands  of  Eastern  Asia,  we  can  scarcely  escape  the  conclusion 
that  they  have  formed  within  a  not  distant  period  a  more  or  less 
oontinuous  sheet  of  water,  perhaps  connected  with  the  sea  which 
once  occupied  the  Uralo-Caspian  depression.  Humboldt  reports  a 
Mongol  tradition  that  the  part  of  the  Desert  of  Gobi  towards  Erghi 
once  formed  the  bottom  of  a  sea  more  than  a  hundred  leagues  in 
diameter.  The  district  is  strewn  with  salt  lakes,  and  the  saline 
plants  growing  there  are  of  the  same  species  as  the  plants  growing 
on  the  borders  of  the  Caspian  (Humboldt,  Tableaux  de  la  Nature, 
vol.  i.  pp.  95-97). 

The  Chinese  reports  about  the  country  of  Lob  Nor  are  to  the 
same  effect,  and  are  probably  based  on  an  induction  from  its  physical 
appearance.  Yalikhanof  says  of  Eashgaria :  "  The  interior  of  the 
country  is  a  sandy  desert,  the  peculiar  features  of  which  first  become 
visible  in  the  eastern  slopes  of  an  undulating  range  of  hills,  of  no 
great  width,  between  Yanyshahr  and  Yarkand.  From  this  region  it 
gradually  widens  as  it  runs  to  the  eastward,  where  it  forms  the  vast 
Gobi  devoid  of  all  vegetation,  though  interspersed  with  reservoirs  of 
brackish  water,  and  where  the  sand  is  heaped  in  such  lofty  ridges 
that  the  inhabitants  give  them  the  name  of  Gag  (mountain).  The 
parts  that  lie  at  the  foot  of  the  mountains  have  a  clayey  soil,  strewed 
with  small  stones,  and  in  some  places  impregnated  with  salt " 
(Michell's  Essays  on  Central  Asia,  pp.  110-111). 

"  There  are  many  lakes  in  Little  Bokhara,"  says  the  same  writer, 
"all  lying  along  the  borders  of  the  inner  desert,  and  containing 
brackish  water  "  (id.  p.  118).  Dr.  Stolizcka,  who  accompanied  Sir 
Douglas  Forsyth's  mission,  speaks  of  the  entire  soil  in  the  valley  of 
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Eashgar  as  being  very  saline.  South-east  of  Taitma  a  large  quantity 
of  pure  salt  in  cubical  crystals  is  collected,  and  he  adds,  '*  The  fact 
that  there  is  such  a  large  quantity  of  saline  matter  together  with 
salt  swamps  in  the  southern  part  seems  to  prove  that  the  Jilga  at 
least,  and  probably  most  of  the  others,  had  been  washed  out  by  the 
sea,  and  that  while  others  had  gradually,  though  only  partially^ 
drained  off  the  saline  matter,  this  one  retained  it,  because  it  has  at 
present  no  outlet  It  is  in  fact  a  dried-up  saline  lake,  which  at 
some  remote  time  was  cut  off  from  the  sea  of  which  it  was  a  fiord  " 
(Report  of  a  Mission  to  Yarkand,  pp.  472-473). 

Kichthofen,  speaking  of  this  wide  plain,  says,  **  It  is  girt  round 
by  a  wide  semicircular  collar  of  mountains  of  the  loftiest  and 
grandest  character,  often  rising  in  ridges  of  18,000  to  20,000  feet 
in  height,  while  the  peaks  shoot  up  to  25,000  and  even  28,000  feet. 
The  basin  which  fills  in  the  horse-shoe-shaped  space  inclosed  by 
these  gigantic  elevations,  though  deeply  depressed  below  them, 
stands  at  a  height  above  the  sea  varying  from  6000  feet  at  the 
margin  to  about  2000  in  the  middle,  and  formed  the  bed  of  an  ancient 
aea  "  (see  "  from  Kulja  to  Lob  Nor,"  by  Prejevalsky,  translated  by 
Morgan,  p.  138).  Speaking  of  the  Tarim  River,  the  same  geologist 
says :  "  The  region  through  which  it  flows  is  highly  charged  with 
salt,  springs  of  sweet  water  are  rare,  and  only  appear  on  the  border 
of  the  mountains.  Even  in  the  high  mountains  the  basins  mostly 
contain  salt,  and  in  many  valleys  of  the  Altyn  tagh,  at  a  height  of 
11,000  feet,  Prejevalsky  found  the  water  brackish.  The  water  of 
the  Tarim  must  therefore  contain  a  larger  proportion  of  salt  than 
any  other  of  the  larger  rivers  of  the  world ;  and  the  unusual  amount 
of  evaporation  must  have  produced  a  very  large  deposit  of  steppe 
salts  of  all  kinds.  The  Chinese  from  ancient  times  have  called  the 
Lob  Nor  the  salt  lake  in  contradistinction  to  many  other  salt  lakes  " 
{id.  p.  146).  While  Prejevalsky  contests  somewhat  this  evidence 
about  Lake  Lob,  or  rather  explains  it,  he  speaks  continually  of  the 
saline  character  of  the  soil  in  the  district  he  traversed. 

Turning  to  the  extreme  west  of  the  great  plateau,  Henderson's 
narrative  of  the  journey  from  Lahore  to  Ladakh,  p.  88,  gives  an 
account  of  the  Karakash  river  valley.  He  speaks  of  depressions  in 
the  soil  half  full  of  brine,  and  some  covered  with  a  thick  crust  of 
common  salt  He  adds  that  the  water  of  the  Karakash  contains 
salt,  and  Mr.  Shaw  told  him  that  in  winter  it  is  like  brine  and 
quite  undrinkable,  and  that  the  whole  valley  abounds  in  saline 
efflorescence  {op.  cit.  pp.  88-89).  Again,  he  speaks  of  the  valley  of 
the  Chang  Cbenmo  River  as  being,  in  certain  places,  all  covered  with 
saline  efflorescence,  and  near  the  springs  as  smelling  like  decayed 
seaweed  {id.  p.  73).  In  the  neighbourhood  of  Lungduhg,  again,  he 
refers  to  efflorescence  consisting  of  Epsom  salts  covering  the  plain, 
and  in  some  places  to  a  depth  of  many  feet.  Where  springs  exist 
they  formed  briny  lakes,  and  clouds  of  salt  are  raised  by  the  wind. 
The  Pangong  lake  is  about  a  hundred  miles  long  from  East  to 
West.  Each  gallon  of  water  contains  1000  grains  of  salt.  And  so 
I  might  continue. 
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If  we  go  to  the  other  extremity  of  the  great  plateau,  namely, 
where  it  spreads  out  into  the  Desert  of  Gohi,  we  cannot  read  any 
trayeller's  report  of  its  barren  wastes  scattered  with  salt  lakes 
without  coming  to  the  same  conclusions  about  it.  Bed  us  describes 
it  in  his  picturesque  language:  "The  Gobi,**  he  says,  "like  the 
Sahara,  was  formerly  covered  by  the  waters  of  the  ocean,  even  on 
the  elevated  plateaux,  old  cliffs  may  be  noticed,  the  bases  of  which 
are  worn  away  by  the  waves,  and  long  strands  of  round  shingle 
stretch  around  the  area  which  was  formerly  occupied  by  a  now 
vanished  gulf"  (The  Earth,  p.  100). 

It  thus  appears  that  the  surface  of  the  plateau  inclosed  by  the 
great  mountain  ramparts  of  Asia  bears  continuous  evidence  of  being 
the  very  recently  (geologically  speaking),  desiccated  bed  of  a  sea, 
that  is,  bears  witness  to  a  very  recent  and  wide  upheaval. 

Evidence  that  great  masses  of  water  have  passed  over  the  ground 
quite  recently  is  forthcoming  in  the  sheets  of  auriferous  gravel  con- 
taiuing  the  bones  of  the  big  mammals  which  are  strewn  over  the 
flanks  of  the  Altai  in  precisely  the  same  way  that  they  are  over  the 
Ural  mountains,  and  necessitating  the  same  conclusion;  and  the 
very  wide- stretching  mantle  of  shingle  which  Drew  and  others 
describe  as  covering  large  parts  of  the  plateau  of  Ladakh,  eta, 
seems  to  point  the  same  moral. 

Speaking  of  the  beds  in  the  elevated  valleys  of  the  Himalayas, 
Strachey  says:  ''As  in  the  case  of  the  plain  of  India,  we  here,  too, 
have  no  complete  proof  of  the  origin  of  these  great  nearly  horizontal 
deposits ;  but  it  seems  clear,  from  the  materials  of  which  they  ai*e 
formed,  that  they  must  have  been  laid  out  by  water,  either  by  the 
sea  or  by  some  great  inland  lake.  They  are  largely  composed  of 
boulder  deposits,  and  large  boulders  are  strewn  over  the  surface 
imbedded  on  the  ground  in  a  manner  that  seems  only  explicable  as 
the  result  of  the  action  of  a  considerable  body  of  water  (Ency.  Brit 
vol.  xi.  p.  828). 

Again,  the  researches  of  Pere  David  on  the  mountains  separating 
China  and  Mongolia  agree  with  the  remarks  of  Stolizcka  about  the 
Kashgar  country  and  of  the  authors  of  the  Manual  of  Indian 
Geology,  that  the  rocks  themselves  bear  testimony  to  very  recent 
disturbance  on  a  large  scale  in  this  area ;  and  following  in  the  wake 
of  Medlicott  and  others,  Strachey  says,  "  The  general  conclusion  that 
may  be  drawn  from  the  facts  of  structure  thus  briefly  indicated  is 
that  the  elevation  of  the  Himalaya  to  its  present  great  height  is  of 
comparatively  recent  occurrence  **  (Ency.  Brit.  vol.  xi.  p.  828). 

The  same  view  is  maintained  by  Mr.  Lydekker  in  regard  to  the 
outliers  of  the  Himalayas,  known  as  the  Siwaliks,  the  upper  beds 
of  which  belong  to  Pliocene,  if  not  later  times.  He  says,  "  In  all 
the  Jamu  district,  at  all  events,  the  Siwalik  strata  are  carried  up  and 
contorted  by  the  conformable  underlying  rocks;  it  is  evident  that 
these  older  rocks  have  only  been  raised  at  a  comparatively  recent 
period  to  the  elevation  at  which  we  now  find  them,  and  that  conse- 
quently in  Siwalik  times  the  whole  of  the  outer  belt  of  the  Himalaya 
most  have  been  much  lower  than  at  present"   In  another  paragraph, 
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Bpeaking  of  the  Siwaliks,  he  says,  "Even  their  topmost  beds  are 
contorted  and  crushed  in  every  conceivable  manner,  indicating  the 
lateness  of  the  period  down  to  which  the  upheaval  of  the  Himalaya 
has  extended  "  (Records  Gteol.  Survey  of  India,  vol.  ix.  p.  100). 

But  we  have  evidence  which  is  still  more  striking,  and  which 
seems  to  me  to  point  conclusively  not  only  to  the  upheaval  having 
been  recent  but  rapid. 

Buckland,  in  his  Reliquisd  DiluviansB,  speaks  of  certain  bones 
of  Horses  and  Deer  procured  by  Captain  Webb  from  the  Chinese 
Tartars  of  Daba,  who  assured  him  that  they  were  found  on  the  north 
face  of  the  snowy  ridge  of  Kylas,  in  laL  32°,  at  a  spot  which  Webb 
calculates  to  be  not  less  than  16,()00  feet  above  the  sea-level.  They 
are  only  obtained  with  the  masses  which  fall  with  avalanches  from 
the  region  of  perpetual  snow,  and  are  said  by  the  natives  to  have 
fallen  from  the  clouds  and  to  be  the  bones  of  genii.  Their  medullary 
cavities  and  cancelli  were  lined  or  entirely  filled  with  white  crystal- 
line  carbonate  of  lime,  beautifully  transparent,  the  bone  being  white 
and  very  absorbent  to  the  tongue.  With  them  were  found  the  bones 
of  Bears.  The  discovery  of  these  bones  in  such  a  situation,  amidst 
perpetual  snow,  and  quite  out  of  the  habitat  of  Deer  and  Horses, 
naturally  attracted  Buckland*s  notice.  He  urged  that  they  are 
carcases  of  animals  drifted  to  their  present  position  by  diluvial 
waters  (Rel.  Dil.  pp.  222-223).  They  seem  to  me  to  evidence  very 
plainly  the  fact  that  the  Himalayas  have  been  very  greatly  elevated 
since  the  bones  were  deposited. 

The  instance  quoted  by  Buckland  does  not  stand  alone.  Stracbej 
called  attention  in  the  seventh  volume  of  the  Journal  of  the 
Geological  Society  to  the  presence  on  the  very  high  land  forming 
the  watershed  between  the  upper  streams  of  the  Ganges  and  the 
Sutlej,  at  a  height  of  from  4200  to  4800  metres  above  the  sea, 
of  beds  of  sand,  gravel,  etc.,  containing  a  multitude  of  bones  of 
Horse,  Ox,  Deer,  Rhinoceros,  Elephant,  etc.  Writing  quite  recently 
he  says  of  these  remains,  '*The  existence  of  the  animals  in  the 
present  condition  of  these  regions  would  be  wholly  impossible ;  so 
that  there  is  no  room  to  doubt  that  these  deposits  have  been  raised 
from  a  comparatively  low  level  to  their  existing  great  elevation  of 
upwards  of  15,000  feet,  since  they  were  laid  out"  (Ency.  Brit.  voL 
xi.  p.  828). 

Again,  Dr.  Falconer,  speaking  of  the  Steppe  of  Hioondes  between 
the  Himalayas  and  the  Kailasa  range,  which  is  15,000  feet  above 
the  sea-level,  says  :  "  The  tract  in  the  emphatic  language  of  Batten 
is  shrubless  and  treeless,  a  vast  waste  supporting  a  few  furze  bushes 
and  a  sprinkling  of  the  most  Alpine  vegetation  ;  and  the  climate  is 
one  of  polar  severity."  On  this  steppe  remains  of  fossil  animals 
have  occurred,  and  notably  of  the  Rhinoceros,  and  Dr.  Falconer 
observes  :  '*  It  is  very  certain  that  no  Rhinoceros  of  the  present  time 
could  exist  for  a  day  in  such  a  habitat ;  and  if  we  suppose  the 
Tibetan  species  to  have  been  clothed  with  a  dense  fur  like  the 
Siberian  species,  the  carcase  of  which  was  brought  to  Pallas  from 
latitude  64^  on  the  banks  of  the  Lena,  still  the  tract  could  never 
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have  subsisted  it "In  the  oase  of  the  Rhinooeros  the  incisor 

teeth  are  deficient  in  number,  and  the  g^reater  portion  of  them  rudi- 
mentary  in  form,  and  even  deciduous.  It  may,  therefore,  be  very 
safely  predicated  of  all  the  species,  fossil  or  existing,  that  they  could 
never  subsist  by  browsing  on  a  herbaceous  vegetation ;  they  want 
(ke  nippera  which  enable  the  Horse  and  Ruminants  to  subsist  on  low 
grass;  and  their  food  must  either  be  derived  from  large  reeds, 
shrubs  or  trees,  none  of  which  are  now  found  in  Tibet "  (Memoirs 
vol.  i.  p.  180). 

Again,  speaking  of  Lyell's  theory  about  the  possible  transportation 
of  the  Siberian  Rhinooeros,  Dr.  Falconer  says,  *^  But  these  conditions 
will  not  apply  to  the  Hioondes ;  the  Rhinoceros  could  neither  have 
migrated  to  its  mountain-locked  plain,  from  the  side  of  Hindostan 
by  the  passes  where  men  and  goats  can  hardly  find  their  way  save 
by  the  artificial  aid  of  scaffoldings,  nor  is  it  apparent  how  they  could 
have  been  transported  to  their  present  resting-place  from  a  higher 
tract "  (Mems.  p.  180).  He  then  goes  on  to  postulate  an  upheaval 
on  a  huge  scale  of  the  whole  Himalayan  range  since  the  Rhinoceros 
was  living  there. 

In  support  of  Dr.  Falconer's  view  about  the  impossibility  of  a 
large  herbivorous  fauna  having  lived  in  these  high  valleys  under 
present  conditions,  I  should  like  to  quote  Mr.  Drew,  who  was  very 
familiar  with  the  plateaux  of  Ladakh.  He  says,  "  Vegetation  exists 
hut  here  and  there ;  generally  every  ten  or  fifteen  miles  is  to  be 
found  some  hurtse  or  Eurotia,  the  plant  that  serves  for  fuel,  although 
at  one  halting-place  moss  is  obtained  in  its  stead,  and  at  another 
neither  huriie  nor  moss  can  be  got.  Pasture  is  still  rarer ;  on  leaving 
the  last  halting-place  in  the  Cbonglung  branch  of  the  Ch&ngchenmo 
valley,  we  had  to  pass  over  60  or  70  miles  before  reaching  any  grass; 
the  first  find  was  at  Lokzhung,  a  halting-place  in  the  middle  of  the 
mountains  of  the  same  name.  On  the  Euenlun  plains  grass  is 
equally  scarce.  .  .  Of  wild  animals  one  would  think  from  the  foot- 
prints that  great  numbers  must  live  in  the  plains  and  the  surrounding 
mountains ;  but  one  sees  few,  and  on  reflection  it  appears  that  the 
many  footprints  are  the  work  of  a  comparatively  small  number  of 
individuals,  for  in  this  country  a  mark  may  stay  unobliterated  for 
years"  (Jummoo  and  Kashmir  Territories,  p.  352). 

Recently  (Records  Geol.  Survey  of  India,  vol.  xiv.  part  2),  Mr. 
Lydekker  has  discussed  these  remains,  and  arrived  at  a  different 
conclusion  to  Dr.  Falconer;  but  I  confess  I  cannot  follow  his 
reasoning.  He  once  deemed  them  to  be  of  Siwalik  and  not  of 
Pleistocene  age.  He  now  admits  they  are  of  the  latter  period,  Mr. 
Griesbach  having  found  the  beds  from  which  they  came,  and  found 
them  lying  horizontally  upon  highly-tilted  Tertiaries,  which  are 
presumed,  says  Mr.  Lydekker,  to  correspond  with  some  members  of 
the  Siwalik  series  of  the  outer  hills. 

Their  age  being  unquestioned,  Mr.  Lydekker  objecte  to  the  beds 
having  been  raised  since  they  were  deposited  to  the  extent  of  15,000 
feet,  because  they  are  horizontal.  A  few  paragraphs  further  on  he 
allows  that  he  would  not  have  been  surprised  if  the  elevation  had 
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been  only  1500  feet,  and  he  further  adds  that  .**  the  possibility  of  such 
a  minor  elevation  is  countenanced  by  the  fact  that  the  Pleistocene 
lacustrine  strata  of  the  valley  of  Kashmir  have  undergone  a  con- 
siderable amount  of  disturbance."  This  means,  I  presume,  that  beds 
will  maintain  their  horizontality  if  raised  up  1500  feet,  but  not  if 
they  are  raised  15,000.  To  me  the  very  reverse  of  this  seems  to 
follow.  An  elevation  of  1500  feet  means  that  the  force  probably 
operated  over  a  small  area  and  would  cause  a  great  deal  of  local 
disturbance.  An  elevation  of  15,000  feet  operating  over  the  immense 
area  covered  by  the  highlands  of  Eastern  Asia  would  mean  the 
possible  and  probable  raising  of  large  areas  without  disturbing  their 
horizontality. 

Nor  can  I  understand  another  argument  of  Mr.  Lydekker's, 
namely,  that  there  were  probably  some  considerable  sheets  of  water 
in  Tibet  which  would  modify  the  climate  considerably,  and  make  it 
possible  for  these  large  herbivores  to  live  there  at  the  present 
altitude,  lliat  the  presence  of  more  water  would  modify  the  climate 
is  certain,  but  assuredly  not  in  the  direction  Mr.  Lydekker  urges. 
Water  at  15,000  feet  above  the  sea-level  would  feed  glaciers  and  not 
trees.  The  reason  why  the  present  Himalayan  glaciers  are  bo 
shrunk  is,  it  seems  to  be  entirely  due  to  the  desiccation  of  the 
country,  and  if  there  were  only  watery  vapour  to  condense,  the 
Himalaya  valleys,  15,000  feet  above  the  sea-level  would  assuredly 
condense  it  fast  enough.  This  is  the  very  reason  why  the  glaciers 
are  so  much  higher  on  the  northern  flanks  of  the  Himalayas  at  the 
present  moment  than  they  are  on  their  southern  slopes.  As  I'hompson 
long  ago  said  in  his  admirable  book,  ''  In  comparing  the  glaciers  of 
the  Tibetan  Himalaya  with  those  on  the  Indian  face  of  the  same 
mountains,  it  will  be  found  that  cateriB  paribus  glaciers  descend 
much  lower  on  the  Indian  side,  or  in  a  moist  climate,  than  in  the 
dry  and  and  Tibetan  climate  "  (op.  ciL  p.  580). 

We  may  take  it,  therefore,  as  certain,  that  if  present  conditions  are 
incompatible  with  the  existence  of  a  varied  herbivorous  fauna,  those 
postulated  by  Mr.  Lydekker  must  have  been  much  more  so,  and  it 
seems  to  me  that  Dr.  Fa1coner*s  argument  remains  absolutely  intact, 
or  is  rather  strengthened  by  Mr.  Lydekker's.  It  is  strengthened 
also  by  a  fact  long  ago  noticed  by  Thompson  and  Cunningham. 

Thompson,  in  his  Travels  in  the  Western  Himalayas,  more  than 
once  mentions  finding  fresh-water  shells  in  lacustrine  clays  at  great 
heights ;  ex,  gr.  at  Eyuri  he  found  a  few  small  shells,  among  others 
a  Zimnaa  and  a  Planorhis.  The  clay  was  covered  by  a  coarse 
alluvial  conglomerate  (op,  ciU  p.  117).  Again  near  Lake  Thogji 
Chumo,  he  found  shells  in  prodigious  abundance.  This  was  15,500 
feet  about  the  sea-level.  A  day's  journey  further  on  he  again  met 
abundance  of  shells  in  the  clay,  nearly  all  Limnaa,  but  occasionally 
there  was  a  small  Cyclas,  The  lake,  which  is  now  salt,  must, 
Thompson  urges,  have  been  fresh  when  these  molluscs  lived  in  it 
(id,  pp.  170-2).  Again,  at  the  lower  part  of  the  Nubra,  about  10,300 
feet  above  the  sea-level,  he  again  found  the  shelly  clay  covered  with 
some  fifty  feet  of  detritus.     The  shells,  he  says,  which  were  all 
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small,  were  species  of  Planorhis  and  Limnaa,  apparently  identical 
with  those  afterwards  found  in  the  neighbourhood  of  Iskardo,  but 
quite  different  from  those  of  the  salt  lake  of  Thogji  {id.  pp.  198-9). 

Canningham  not  only  refers  to  the  same  fact,  but  explains  it 
Speaking  of  the  former  presence  of  wide  sheets  of  fresh  water  in 
Ladakh,  he  says,  "Their  existence  is  further  proved  by  the  abundance 
of  fresh-water  shells  that  are  found  in  the  sandy  clay  deposits  around 
the  present  saH-toater  lakes  and  on  the  dry  plain  of  Eyang.  These 
shells  are  of  two  kinds.  lAmnaa  auricxdaria  of  all  sizes  and  Cyclas 
rivicoloy  which  is  only  found  of  very  small  size  preserved  in  the 
interior  of  the  larger  shells.  As  these  mollusca,  says  Cunningham, 
do  not  now  exist  in  Ladakh  at  a  greater  elevation  than  between 
eleven  and  twelve  thousand  feet,  it  seems  a  probable  conclusion  that 
the  country  must  at  some  former  period  have  enjoyed  a  very  much 
milder  climate  than  that  of  the  present  day"  (Cunningham,  Ladakh, 
p.  193).  That  is  to  say,  the  level  of  the  country  must  have  been 
much  lower. 

The  kind  of  evidence  I  have  here  adduced  might  be  multiplied, 
hot  what  I  have  quoted  must  suffice  for  the  present,  and  to  what 
does  it  testify  with  most  converging  emphasis  ?  Assuredly  to  the 
conclusion  that  the  great  mountain  masses  of  Eastern  Asia,  with  the 
plateau  they  girdle  and  support,  form  a  very  recent  feature  in  physical 
geography,  and  that  the  date  of  their  upheaval  was  in  all  probability 
as  late  as  the  time  when  the  Mammoth  age  came  to  an  end, 
and  when  the  remains  of  that  great  Elephant  and  his  companions 
were  scattered  over  the  flanks  of  the  Altai,  and  his  contemporaries 
were  entombed  among  the  snows  of  the  Uioondes  valley  in  far-off 
Tibet.  The  evidence  of  this  seems  to  me  to  be  overwhelming,  and 
it  becomes  still  more  so  when  it  is  not  only  found  to  be  consistent 
with,  but  to  alone  explain  how  the  former  mild  climate  of  Northern 
Siberia  viras  converted  into  a  very  severe  one,  how  the  great  Asiatic 
Mediterranean  was  drained  of  its  waters  and  a  large  portion  of  its 
bed  converted  into  the  salt-incrusted  plateaux  of  Tibet  and  Eashgaria, 
and  how  its  drainage  swept  away  the  fauna  of  Northern  Asia,  and 
not  only  drowned  the  animals,  but  buried  their  carcases  intact  under 
continuous  beds  of  gravel  and  clay  over  many  degrees  of  longitude. 
Among  the  sympathetic  readers  of  my  Mammoth  book  there  have 
been  some  whose  judgment  I  highly  prize,  who  have  oft«n  asked 
me  for  a  cause  capable  of  such  effects  as  I  there  postulate.  In  regard 
to  those  effects  in  Asia  at  all  events,  it  will  be  admitted  that, 
granting  the  validity  of  my  induction,  I  have  produced  in  this  and 
recent  papers,  published  in  the  Geoloqioal  Magazine,  a  cause  which 
16  competent  and  which  explains  all  the  facts.  The  argument  of  my 
book  extended  of  course  beyond  the  limits  of  Asia,  and  perhaps  I 
may  be  permitted  in  another  paper  to  apply  the  reasoning  I  have 
here  employed  to  the  Great  Cordillera  of  America. 
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ni. — Further  Notes  on  Fieeolays,  etc. 
By  W.  Mayna&d  Hutchimos,  Esq. 

THESE  notoR  are  in  ooutinuation  of  my  former  paper  "  On  the 
Probable  Origin  of  some  Slates  "  (Gsolooioal  Magazine  for 
Jane  and  July,  1890).  Since  its  publication  I  have  endeavoured  to 
obtain  a  little  further  knowledge  of  the  constitution  of  the  fireclays 
of  the  Coal-measures,  which  1  regard  as  so  well  calculated  to  throw 
light  on  the  origin  of  many  slates,  and  especially  1  desired  to  get,  if 
possible,  a  little  more  evidence  as  to  the  supposed  regeneration  of 
mica  in  them,  in  connexion  with  the  intimately  associated  question 
of  the  rutile-needles. 

With  this  object  1  have  tried  to  get  as  good  a  separation  of  the 
components  of  the  clay  as  the  very  unfavourable  nature  of  the 
material  will  allow,  and  this  1  have  done  by  means  of  a  rather 
prolonged  and  tedious  course  of  what  may  be  called  "fractional 
levigation."  This  may  be  carried  out  in  various  ways,  but  the 
method  I  have  found  best  suited  is  suspension  of  thoroughly  dis- 
integrated clay  in  water  in  large  beakers,  and  syphoning  off  the 
suspended  portion  after  appropriate  periods  of  settlement. 

I'he  results  of  such  levigation,  though  naturally  very  imperfect, 
still  provide  a  material  for  microscopic  examination  from  which 
some  information  may  be  had  which  could  not  so  well  be  obtained 
from  ''  sections  "  of  clay,  and  which  to  some  extent  supplements  and 
confirms  what  was  formerly  observed. 

Taking  again  the  fireclays  of  the  Cliffs  at  Seaton,  described  in  my 
former  paper,  about  a  cubic  inch  of  the  finest-grained  bed  was  used. 
It  was  air-dried  and  crushed  to  powder,  but  not  ground.  It  was 
then  reduced  to  fine  mud  by  crushing  gently  in  a  mortar  with  water, 
and  finally  left  several  days  in  water  in  a  beaker,  with  frequent 
agitation,  to  insure  as  complete  disintegration  as  possible.  Pre- 
liminary trials  showed  that  a  sufficient  degree  of  classification  for 
my  purpose  was  obtained  as  follows : — The  whole  was  well  stirred 
up  in  a  beaker  (11  inches  deep  by  6  inches  wide)  and  two-thirds  of 
the  contents  syphoned  off  after  one  and  a  half  hours.  This  was 
repeated  very  many  times  till  practically  nothing  more  was  taken 
over.  The  united  material  so  obtained  was  again  differentiated  by 
suspension  in  water  and  drawing  off  after  half  an  hour,  and  this 
second  portion  was  again  treated  in  a  similar  manner.  Thus,  three 
divisions  of  the  first,  finest,  part  were  obtained,  A,  B,  and  0. 

The  residual  original  clay  was  next  separated  by  repeated  drawing 
off  after  15  minutes'  settling,  and  the  portion  drawn  off  was  divided 
into  two  by  a  similar  process,  giving  D  and  E. 

The  next  stage  was  to  draw  off  after  two  minutes*  settling,  and 
again  divide  the  resultant  part  into  two,  giving  F  and  G,  leaving  a 
final  coarsest  residue  of  the  original  clay,  H. 

Nothing  is  obtained  from  these  fireclays  at  all  approaching  in 
fineness  w;hat  is  observed  when  fresh  deposits,  and  some  recent 
clays,  are  suspended  in  water ;  material  which  remains  many  days 
in  suspension.  Everything  settles  in  a  few  hours,  and  such  original 
&\ie  slime  is  long  since  consolidated  and  altered  into  denser  matter. 
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These  Tarions  portions  separated  were  oollected  by  settling  into 
smaller  and  smaller  beakers,  and  finally,  as  thick  mud,  into  stoppered 
bottles.  They  were  mounted  for  examination  by  mixing  some  of 
the  mud  with  a  very  little  gum- water  and  painting  very  thin  films 
on  the  slides  with  a  camel-hair  brush,  drying,  and  oovering  with 
balsam  and  thin  covers.  With  a  little  care  even  the  finest  portions 
could  thus  be  got  so  that  single  flakes  and  grains  could  everywhere 
be  examined. 

The  three  finest  portions  A,  B,  C,  nnder  the  microscope  are  seen 
to  contain  far  away  the  largest  portion  of  the  rutile-needles  of  the 
clay.  These  are  exceedingly  abundant.  The  main  portion  of  these 
finest  slimes  consists  of  very  minute  flakes,  the  smallest  of  which, 
especially  in  A,  can  only  be  seen  when  examined  in  water  instead 
of  balsam,  many  of  the  Qthers  bein^  only  seen  in  balsam  by 
lowering  the  condenser  very  much.  Without  specifying  anything 
further,  it  is  safe  to  say  that  most,  if  not  all,  of  this  distinctly  flaky 
material  is  micaceous ;  and  as  A,  B,  C  make  up  a  large  part  of  the 
portion  levigated,  this  very  small  micaceous  substance  is  a  leading 
component  of  the  original  clay.  The  larger  bits  are  distinctly  seen 
to  have  a  greenish  or  yellowish  tinge.  Not  a  single  bit  can  be  seen 
which  could  for  a  moment  be  mistaken  for  biotite.  In  no  case  is 
any  bit  seen  which  coniaiM  rutile ;  the  two  minerals  are  here  quite 
separate. 

Micaceous  ilmenite  in'  small  flakes,  and  little  plates  and  grains 
of  epidote,  are  rather  abundant,  also  a  good  deal  of  matter  too  minute 
for  any  sort  of  identification.  I  cannot  make  out  anything  that 
oottid  be  safely  referred  to  '*  Eaoline." 

In  the  next  grades,  D  and  E,  we  of  course  get  among  larger- 
grained  material,  and  here  a  considerable  number  of  flakes  are 
seen  more  or  less  full  of  rutile-needles.  It  was  such  flakes  which 
I  was  specially  anxious  to  isolate. 

The  first  thing  to  remark  about  them  is,  that  though  they  vary 
a  good  deal  in  size,  the  upward  limit  is  pretty  sharply  marked  off 
against  the  flakes  which  do  not  contain  rutile ;  and  when  the  next 
coarser  grades  of  levigated  material,  F  and  O,  are  examined,  this  is 
again  strongly  emphasized.  The  number  of  rutiliferous  flakes  is 
much  less  than  in  D  and  E,  and  those  present  are  largely  due  to 
the  carrying  over  of  one  grade  into  another; — to  the  inevitable  im- 
perfection of  the  separation. 

Considering  then  the  whole  of  the  mtiliferous  flakes  in  D,  E,  F,  G, 
those  over  xT^rrth  of  an  inch  in  largest  diameter  are  rare,  those 
reaching  to  that  size  are  not  a  large  proportion ;  the  fairly  average 
size  of  what  might  be  called  the  larger  flakes  being  about  i-sVTrth 
of  an  inch  across.  From  this  downwards  there  are  all  sizes  till 
a  lower  limit  is  reached,  beyond  which,  as  in  A,  B,  and  C,  no 
cmiained  rutile  is  seen. 

If  the  flakes  are  studied  in  detail,  it  is  soon  seen  that  only  some 
of  the  smaller  ones  are  singJe  flakes  at  all.  Every  larger  one  is 
Been,  by  its  extinctions,  to  be  an  aggregate  of  more  or  less  numerous 
smaller  flakes  overlapping  one  another,  and  with  different  optical 
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orientation.  The  majority  of  these  oomplex  flakes  have  all  their 
component  flakelets  lying  flat  in  one  plane;  but  some  are  seen, 
especially  among  the  coarser  material  of  F  and  G,  which  are  more 
or  less  globular  aggregates,  in  which  the  mica  lies  at  all  azimuths, 
those  bits  seen  edgewise  depolarizing  very  brilliantly. 

I  may  here  remark  that  when  the  same  levigation-process  was 
carried  out  with  a  coarser  band  of  the  Seaton  clay, — the  grade  of 
coarseness  next  following  the  fine  fireclay, — ^just  the  same  results 
were  obtained.  A  much  less  relative  proportion  of  the  finer  material 
was  obtained,  of  course,  but  what  was  got  was  similarly  composed, 
and  the  limits  of  size  of  the  rutiliferous  flakes  were  the  same. 

Most  patient  search  was  made  for  flakes  which  might  allow  of 
tests  in  convergent  polarized  light ;  but  not  one  could  be  found  of 
sufficient  size  which  was  not  complex,  and  therefore  useless  for  that 
purpose.  One  or  two  ''  figures  "  which  1  thought  I  had  obtained, 
in  •* sections"  of  the  clays,  from  rutiliferous  flakes,  are  therefore 
very  doubtful  and  of  no  value ;  probably  due  to  original  musoovite 
imperceptibly  mixed  in  with  the  secondary  minerals. 

The  same  difficulty  occurs  in  examining  slates.  Not  in  the 
thinnest  parts  of  the  thinnest  sections  it  is  possible  to  make  have 
I  ever  succeeded  in  finding  a  single  simple  flake  of  the  rutiliferous 
mica.  It  is  all  a  felted  complex  of  small  flakes,  exactly  similar  to 
the  larger  of  the  complex  flakes  in  these  clays. 

The  study  of  A,  B,  G,  in  conjunction  with  the  coarser  grades, 
leaves  no  doubt  on  one's  mind  that  the  bulk  of  the  material  of  the 
former  results  from  the  disintegration  of  the  complex  flakes  and 
globular  aggregates  described;  the  rutile  lies  mainly  in  between 
the  minute  component  flakelets,  and  is  set  free  when  these  are 
detached,  except  in  relatively  few  cases  of  larger  single  flakelets. 

lliere  will  also  doubtless  be  present  in  the  finest  slimes  more  or 
less  of  minute  flakes  of  original  musoovite,  though  most  of  this 
mineral  in  this  flne  state  of  division  has,  I  think,  been  absorbed  into 
the  new  combinations. 

In  all  the  coarser  grades  there  is  present  a  good  deal  of  original 
clastic  musoovite,  much  more  than  would  be  supposed  from  examin- 
ation of  secUoM  of  clay,  where  much  of  it  is  hidden.  All  this 
musoovite  is  perfectly  colourless  and  clear,  and  free  from  any  trace 
of  rutile.  The  supposed  secondary  mica  is  all  very  distinctly 
coloured,  mostly  yellow,  sometimes  greenish,  and  larger  flakes  are 
more  or  less  turbid. 

Flakes  of  altered  biotite  are  also  not  scarce,  now  that  levigation 
has  set  them  free.  They  are  relatively  large,  easily  recognized,  still 
considerably  active  in  polarized  light  and  dichroic  when  seen  edge- 
wise, but  flat  sections  are  all  quite  inactive  in  convergent  light, 
being  all  more  or  less  advanced  in  the  process  of  waste  and  bleaching, 
with  the  same  formation  of  epidote,  etc.,  as  described  in  the  coarser 
material  in  my  former  paper. 

No  such  flakes  which  can  be  identified  as  biotite  in  any  stage  of 
decay  contain  any  rutile  whatever. 

There  is  nothing  special  to  remark  about  the  other  minerals  in 
these  coarser  parts  of  the  levigated  clay.    Quartz  and  felspar  grains 
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appear, — the  latter  scarce,  —all  completelj  rounded  and  many  carrying 
more  or  less  a  skin  of  rutiliferous  "  paste/*  in  spite  of  all  the 
washing  and  agitation.  I  think  it  is  really  corroded  on  to  the  sub- 
stance of  the  grains  in  many  oases.  A  few  beautiful  little  crystals 
of  anatase,  both  pyramidal  and  tabular,  are  not  missing. 

Looking  at  the  facts  stated,  the  one  which  appears  to  have  most 
bearing  on  the  main  point  concerned  is  the  pretty  strict  upward 
limit  of  size  of  the  rutiliferous  flakes. 

If  we  suppose  the  rutile-needles  to  have  been  contained,  as  such, 
io  the  original  clastic  material  as  it  was  deposited  in  these  beds, 
then  we  should  find  no  such  limit  of  size.  If  the  rutile  were  "^ 
contained  in  the  micas,  for  instance,  we  could  not  well  find  any 
reasoning  to  explain  why  only  flakes  up  to  a  certain  small  size 
should  be  rich  in  it,  while  those  of  larger  size,  from  which  the 
ginaller  ones  mnti  have  been  derived  (on  the  supposition  that  what 
we  now  see  is  all  primary  deposit),  should  be  absolutely  free  from  it./ 
These  rutile-needles  are,  as  I  have  before  maintained,  the  key  to 
the  whole  question.  Some  writers  have  simply  ignored  them,  others 
make  very  light  of  them.  Thus  Roth  (Chemische  Geologie,  vol.  ii. 
1887,  p.  586)  doubts  that  any  proof  has  been  given  of  the  authigenio 
origin  of  the  rutile-needles  in  slates ;  and  again  in  his  latest  volume 
(Allgemeine  Geologic,  vol.  iii.  1890,  pp.  169-170)  returns  to  the 
subject  and  contests  the  views  of  liosenbusch  and  Lossen  as  to  the 
secondary  origin  of  the  colourless  mica  of  clay-slates,  dealing  with 
the  rutile-needles  by  saying  that  "  separation  of  the  titanic  acid  of 
weathered  micas  as  rutile  is  often  enough  observed." 

As  regards  this  supposition,  that  the  ru tiles  in  question  in  these 
fireclays  may  be  due  to  any  simple  weathering  of  biotite,  the  same 
argument  as  to  the  size  of  flakes  appears  again  to  be  difficult  to 
answer.  We  might,  perhaps,  say  that  the  larger  the  flakes  the  less 
they  would  be  susceptible  to  such  weathering.  (This  is  not  the 
case  with  the  process  of  decay  of  biotite,  pure  and  simple,  as 
described  in  my  former  paper.  The  large  flakes  suffer  as  much 
as  smaller  ones.  Nor  does  it  seem  true  of  biotite  in  any  sort  of 
weathering ;  chloritization,  for  instance.  Big  flakes  are  attacked  as 
easily  as  little  ones,  the  extreme  fissility  apparently  counterbalancing 
the  greater  size.) 

But  even  on  this  supposition  no  approach  to  a  sharp  line  would 
be  seen;  the  diminution  of  the  amount  of  weathering  and  of  the 
resultant  rutile  would  be  more  or  less  gradual  in  proportion  to  size. 
Of  course  we  know  that  biotite  does  sometimes  give  rise  to  rutile 
directly  during  weathering.  What  are  the  conditions,  either  in  the 
original  biotite  or  in  the  method  of  weathering,  which  cause  this,  we 
do  not  know ;  but  we  do  know  that  it  is  relatively  rare  compared 
with  the  universal  weathering  of  biotite  withoui  any  formation  of 
rutile.^ 

^  In  those  cases  where  the  separated  rutile  is  arranged  in  approximately  hexa- 

fnal  star- forms,  more  or  less  conformable  to  the  symmetiy  of  the  containing  mica, 
consider  that  it  is  due  to  other  causes  than  weathering,  viz.  sometimes  to  original 
crystallization,  hut  more  often  to  powerful  dynamic  action,  and  that  it  is  in  the  same 
category  as  the  symmetrically  arranged  rutUe  in  some  micaceous  ilmenite,  and  in 
sagenite. 
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But  in  these  deposits,  derived  from  granite-waste»  the  biotite  Is 
clearly  seen  not  to  give  rise  direct  to  any  crystals  of  rutile,  any 
more  than  it  does  in  most  granites,  etc.,  where  it  is  underguinu^ 
decay  t»  situ. 

The  effect  on  my  own  mind  of  studying  the  slates,  passing  from 
these  to  the  fii-eclays  and  associated  shales  (for  reasons  formerly 
stated),  and  back  again  to  the  slates,  having  approached  the  matter 
without  any  bias  one  way  or  other,  is  that  I  cannot  come  to 
any  other  conclusion  than  that  the  main  mass  of  mica, — all  the 
rutiliferous  mica, — of  the  slates  is  a  new  formation,  posterior  to 
sedimentation ;  that  in  the  fireclays  and  shales  the  same  thing  has 
commenced  and  progressed  in  the  same  manner  up  to  a  certaim 
stage ;  and  that  most  of  oar  slates  were  produced  from  deposits  of 
closely  similar  nature  by  a  continuation  and  intensification  of  the 
conditions  involved. 

I  must  thank  Dr.  Irving  for  his  very  kindly  and  encouraging 
remarks  (in  the  Geolooioal  Magazine  for  December)  concerain^ 
the  value  of  my  little  study  of  the  clays,  etc.,  but  I  do  not  think 
I  can  quite  follow  him  in  the  conclusions  he  draws. 

For  one  thing,  will  it  be  quite  safe  to  say  that  the  fireclays  of 
Northumberland  (or  any  other  Carboniferous  clays  and  shales)  have 
undergone  no  dynamic  metamorphism  whatever,  even  though  what 
has  taken  place  did  not  suffice  to  alter  the  deposits  into  hard  cleaved 
slates? 

It  has  suggested  itself  to  me  that  possibly  the  more  or  less  close 
association  of  these  beds  with  the  yielding  coal-seams  may  have  largely 
tended  to  preserve  them  from  any  of  the  severer  effects  of  pressure, 
etc. ;'  but  I  am  quite  inclined  to  think  that  we  are  justified,  on 
geological  evidence,  in  assuming  that  they  have  taken  part  in  con-> 
ditions  which  could  well  be  classed  as  <*  dynamic." 

If  I  have,  as  Dr.  Irving  says  I  have,  *'  simply  ripped  np "  the 
idea  of  the  "  dynamometamorphio  "  origin  of  the  secondary  minerals 
in  slates,  I  can  only  say  that  I  had  it  not  in  my  mind  to  do  this 
savage  and  gory  deed  at  all.  If  I  have  done  it  (which  I  do  not  see), 
then  I  am  in  the  painful  position  of  having  unintentionally  ripped 
up  a  friend,  for  I  certainly  believe  that  the  completion  of  the 
regeneration  of  the  materials  of  the  deposits  resembling  the  fireclays, 

^  It  is  stated  in  works  on  geology  that  the  *'  nnderclaxs  "  of  the  Coal-fields  are 
ufutraiified^  and  though  I  am  not  aware  that  this  is  so  unifonnly  the  case  as  to  allow 
of  its  being  given  as  a  nniyersal  rule,  still  it  is  no  doubt  true  enough  when  taken  as 
referring  to  the  clays  occurring  with  workable  seams  of  Coal.  It  is  not  by  any 
means  so  as  regards  beds  of  exactly  the  same  materials  which  oocor  in  the  same 
Coal-fields,  either  without  any  immediate  conneiuon  with  Coal-seams,  or  only  with 
yery  thin  seams,  far  too  thin  to  work.  This  unstmtified  condition  of  many  fireclays 
is  probahly  due  simply  to  the  crumpling  and  crushing  they  have  undergone  in  con- 
nexion witn  the  compression  of  the  materials  out  of  which  the  Coal  was  formed. 
It  is  also,  no  doubt,  quite  true  as  stated  in  the  book  (first  suggested  bv  Sterry  Hunt), 
that  Clays  on  which  the  CoHl-regetation  actually  grew  were  depriyea  of  much  alkali 
by  the  plants.  It  is  therefore  more  desirable  in  studviufl;  these  deposits,  as  bearing 
on  the  origin  of  slates,  to  select  beds  which  have  not  liaa  the  stratification  disturbed 
and  which  have  no  Coal  in  actual  contact.  This  is  the  case  with  the  beds  at  Seaton 
Q\\Ssy  which  I  hare  used  so  much  as  my  principal  type  and  source  of  material. 
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and  their  formation  into  slates,  was  the  result  of  very  severe 
'' d jnaiDometamorphic "  action  and  could  not  be  brought  about, 
as  regards  the  coarser  parts  of  the  deposits,  without  its  aid.  Still, 
these  are  only  ''views/'  and  nobody's  views  are  of  very  much 
authority  in  the  present  state  of  our  knowledge  of  these,  matters. 
We  want,  perhaps,  more  facts  and  less  views.  My  excuse  for  stating 
mine  above  must  be  my  desire  to  escape  some  remorse  for  the  thing 
Dr.  Irving  says  I  have  done ! 

I  may  mention  that  since  my  first  paper  I  have  examined  clays 
and  shales  from  the  Derbyshire  coal-field  (Clay  Cross),  and  with  the 
aame  results.  Materials  from  all  the  coal-fields  seem  to  be  of  like 
Bature,  derived  from  the  same  or  a  similar  source, — a  granite  (or 
gneiss  ?)  with  two  micas,  biotite  being  in  excess. 

As  regards  the  composition  of  all  these  fireclays,  I  would  once 
more  emphasize  the  fact  that  they  are  not  ''hydrous  silicates  of 
alnmina."  The  results  of  chemical  analysis  chance  to  lend  them- 
selves tolerably  easily  to  this  interpretation ;  but  it  is  quite  a  wrong 
one.  The  anadyses  are  quite  as  well  suited  to  a  material  mainly 
com^sed  of  strongly  hydrated  altered  micas.  Writers  dealing  with 
fireclays  seem  to  have  thought  that  every  chemical  analysis  must  be 
worked  up  into  a  "  formula,"  just  as  is  done  so  much  in  the  case  of 
metallurgical  slags,  even  though  in  both  cases  a  glimpse  through  the 
microscope  would  show  the  complexity  of  the  substanoe  and  the* 
Qselessness  of  the  formula. 
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By  Altkbd  Harker,  M.A.,  F.G.S., 

Fellow  of  St.  John's  CoUege,  Cambridge. 

(i.)  Pyroxeniie  {Websterite)  from  FoheUo,  Lomhardy. 

CEYSTALLINE  rocks  containing  neither  felspar  nor  olivine  have 
received  but  little  or  no  attention,  except  from  one  or  two 
American  geologists.  Dr.  Q.  H.  Williams'  has  recently  drawn 
attention  to  these  rocks,  of  which,  he  proposes  to  constitute  a  family 
of  Pyroxenites  coordinate  with  Rosenbusch's  family  of  Peridotites ; 
and  has  described  from  Maryland  and  North  Carolina  a  type  consist- 
ing entirely  of  monoclinic  and  rhombic  pyroxenes,  to  which  he  gives 
the  name  Websterite.  The  occurrence  of  a  similar  rock  in  Northern 
Italy  seems  worth  recording.  Our  specimens  were  collected  by  Mr. 
£.  J.  Garwood. 

To  the  eye  the  rock  appears  as  a  coarsely  crystalline  aggregate  of 
Instrous  black  diallage,  in  which  the  rhombic  pyroxene  which  forms 
the  second  constituent  is  scarcely  to  be  distinguished.  The  specific 
gravity  of  the  rock  is  3-229. 

A  slice  [1086]  shows  the  rock  to  consist  of  large  plates  of  diallage 
moulding  smaller  grains  of  hypersthene,  neither  mineral  having 
any  external  crystal  form. 

The  hypersthene  is  the  first-formed  mineral,  and  builds  irregular 
^  Amerioaa  Geologist,  July  1890. 
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crystal-grains  up   to  one-tenth   of  an  inoh  in  diameter,  sbowing 
marked  pleoohroism  in  pink  and  green  tints.     Cleavages  parallel  to 
the  two  pinacoids  occur,  in  addition  to  the  usual  prismatic  cleavage. 
There  is  often  a  minute  *'8chiller"  structure,  apparently  parallel  to 
the  braohypinacoid,  besides  larger  inclusions,  which  have  the  same 
orientation,  and  appear  to  be  of  the  nature    of  rhomboidal  cavities 
filled  with  some  dark  brown  ferruginous  material.     The  absorption- 
colours,  so  far  as  can  be  made  out  in  random  sections,  are,  parallel  to 
a=:a   •••  rose-pink; 
/9=b  •••  nearly  colourless ; 
7=0    ...  pale  apple-green. 

The  diallage  is  in  colourless,  irregular  plates,  often  slightly  bent. 
It  shows  rather  broad  bands  following  the  orthopinacoidal  parting 
and  corresponding  to  the  "  solution -planes."  These  bands  are 
occupied  sometimes  by  a  colourless  and  highly  birefringent  crystalline 
mineral  like  calcite,  sometimes  by  brown  or  greenish-brown  matter. 
There  is  a  strong  cleavage  always  making  a  high  angle  with  these 
bands  and  probably  parallel  to  the  basal  plane ;  this,  too,  seems  to 
be  a  direction  of  chemical  weakness,  though  a  less  marked  one. 
Less  pronounced  cleavages  correspond,  no  doubt,  to  the  prism-faces. 

The  only  other  mineral  which  can  be  considered  original  is  a 
deep  brown,  pleochroic  hornblende,  which  occurs  rarely,  in  small 
scraps,  intergrown  with  the  diallage  near  its  contact  with  the 
hypersthene.  There  is  no  trace  of  felspar  or  olivine,  nor  any 
original  iron-ores  or  other  accessory  minerals. 

Though  often  quite  fresh,  the  hypersthene  sometimes  shows 
alteration  into  a  minutely  granular  aggregate  which  gives  high 
polarization-tints.  The  change  begins  in  veins  following  cleavage 
cracks,  but  may  destroy  the  whole  of  a  crystal,  so  that  nothing  is 
left  of  the  original  structure  of  the  hypersthene  except  the  dark- 
brown  schiller-inclusions  mentioned  above.  Into  the  spaces  thus 
occupied  by  the  obscure  alteration -product,  project  jagged  fringes 
of  colourless,  brightly-polarizing  hornblende,  which,  although  formed 
at  the  expense  of  the  rhombic  pyroxene,  gi'ows  as  an  extension  of 
the  diallage,  towards  which  it  is  oriented  in  the  usual  crystal- 
lographic  relation. 

(ii.)  Eclogiie  from  Port  Tana  in  the  North  of  Nortoay^ 

This  rock,  collected  by  Mr.  R.  H.  Solly,  shows  in  a  hand-specimen 
plenty  of  red  garnets  imbedded  in  a  yellowish-green  crystalline 
mass  in  which  pyroxene  (omphacite)  is  evidently  the  dominant 
constituent. 

In  a  slice  [962]  the  garnet  shows  an  irregularly  rounded  outline 
and  a  faint  pinkish  tinge.  Some  of  the  crystals  are  distinctly 
double-refracting.  This  character  is  not  associated  with  any  poly- 
synthetic  structure,  and  may  be  due  to  internal  strain ;  it  is  some- 
times more  marked  in  the  vicinity  of  certain  inclusions.  A  constant 
feature  is  the  presence  of  countless  minute  rods  accurately  alligned 
in  three  directions  parallel  to  the  three  crystallographic  axes.  They 
belong  to  a  clearly  jdouble-refracting  mineral,  und  give  extinction- 
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angles  np  to  aboat  31°.  This  agrees  with  distbene  or  oyanite,  a 
mineral  described  by  Biesa  ^  as  a  common  oonstitoent  of  eclogites. 
Among  the  other  minerals  included  by  the  garnet  may  be  mentioned 
quartz  and  apparently  omphacite,  mostly  in  round  granules  clustered 
in  the  centre  of  the  crystal ;  zircon,  commonly  in  little  well -formed 
crystals,  bounded  by  the  pinacoids  (100)  and  pyramid  (111) ;  and 
locally,  near  the  margin  of  the  garnet,  crowds  of  little  prisms  with 
moderate  double  refraction  and  sensibly  straight  extinction,  possibly 
zoisite.  Some  larger  rounded  grains  of  quartz  containing  little 
zircons  are  inclosed  near  the  border  of  the  garnets,  and  occasionally 
a  small  flake  of  brown  mica.  Larger  flakes  of  mica,  with  strong 
pleochroism,  oocor  in  densely -packed  bundles  moulding  the  surface 
of  the  garnets. 

The  rest  of  the  rock  consists  chiefly  of  a  crystalline  granular 
aggregate  of  colourless  omphacite  and  clear  quartz,  the  latter  giving 
'undulose'  extinction,  and  often  crowded  with  the  straight  hair-like 
rods  usually  referred  to  rutile.  This  aggregate,  however,  incloses 
numerous  idiomorphic,  though  rather  rounded  crystals  of  enstatite 
with  a  longitudinal  striation  and  strong  cleavage.  There  are  also 
a  few  scattered  rod-like  crystals  of  reddish-brown  colour,  and  not 
more  than  a  tenth  of  an  inch  in  length.  These  belong  to  a  uniaxal 
mineral  with  exceedingly  high  double- refraction  and  slight,  though 
distinct,  dichroism  (E  >  0).  It  is  evidently  rutile,  a  mineral  not 
admitted  in  Kiess'  monograph,  but  recorded  by  MohP  in  some  of 
the  Norwegian  eclogites.  The  crystals  are  simple  tetragonal  prisms, 
either  (110)  or  (100). 

(iii.)  Garnet- Amphiholite  from  Sutherland. 

The  locality  is  three  miles  south  of  Laxford  Bay.  The  rock 
shows  abundant  red  garnets  imbedded  in  a  mass  of  greenish- black 
hornblende.  A  curious  feature  is  the  well-marked  series  of  parallel 
cracks  by  which  the  garnets  are  traversed.  These  maintain  a 
constant  direction  throughout  the  specimen,  but  do  not  affect  the 
hornblende.  They  are  evidently  due  to  stress  in  the  rock,  and, 
though  better  developed,  are  of  the  same  kind  as  the  cracks  seen  in 
the  garnets  of  various  crystalline  rocks,  such  as  the  Eddystone 
gneiss  and  some  of  the  Saxon  granulites.  These  cracks  are  always 
at  right  angles  to  the  direction  of  '  stretching '  in  the  rock,  and  so 
perpendicular  to  any  foliation  or  schistosity  that  may  be  present. 
.  A  slice  [1254]  shows  the  rock  to  be  composed  chiefly  of  garnet 
and  green  hoinblende.  The  garnet  retains  its  red  colour,  and  shows 
well  the  series  of  parallel  cracks  preserving  a  common  direction 
throughout  the  slide.  There  is  a  less  pronounced  system  of  cracks 
roughly  perpendicular  to  the  first.  The  crystals  are  of  irregular 
shape,  but  tolerably  free  from  inclusions.  They  show  no  double- 
tefraction,  nor  does  the  rock  as  a  whole  present  any  trace  of  foliation 
or  other  parallel  structure. 

The  hornblende  is  in  rude  columnar  crystals  without  terminal 

1  Tack.  Min.  u.  petr.  Mitth.  1878,  vol.  ii.  pp.  166-172,  181-241. 

2  Nyt  Mag.  NatuiTidensk.  yol.  xziii.  (1877),  pp.  128-137. 
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planes,  and  often  so  massed  together  as  to  prevent  their  free  develop- 
ment. It  constitutes  nearly  half  the  biilk  of  the  rock.  The  colour 
is  an  intense  grass-green,  the  absorption  being,  parallel  to  a  yellow- 
green,  /3  and  7  deep  grass-gp:«en,  almost  opaque.  The  extinction- 
angle  c  7  is  high,  perhaps  as  mnch  as  20°,  but  cannot  be  determined 
precisely  owing  to  the  strong  absorption. 

The  other  constituents  are  little  crystals  of  finely  lamellated 
plagioclase,  irregular  grains  of  an  untwinned  felspar,  apparently 
orthoclase,  shapeless  granules  of  opaque  iron  ore,  and  a  little  clear 
quartz  occurring  interstitially  among  the  hornblende  and  other 
minerals. 

(iv.)  Quartz-IHorite  from  Viti  Levu,  Fiji. 

This  rock  occurs  in  the  cutting  for  a  new  road  on  the  mountains 
to  the  south  of  the  Wainamala  valley,  below  Narokorokoyawa  in  the 
island  of  Viti  Levu.  It  was  collected  by  Mr.  J.  J.  Lister  during  the 
voyage  of  the  "  Egeria*'  in  1889.  It  is  a  crystalline  rock  showing 
lustrous  black  crystals  of  hornblende,  about  a  quarter  of  an  inch 
long,  and  flakes  of  golden -brown  mica,  in  a  mass  consisting  mainly 
of  felspar.     The  specific  gravity  is  2'778. 

Sections  [1256,  1257]  show  that  the  felspar  is  exclusively  plagio- 
dase,  in  idiomorphic  crystals,  in  which  the  usual  albite-lamellation 
is  combined  with  Carlsbad  and  sometimes  with  pericline-twinning. 
A  strongly  marked  zonary  structure  is  apparent  in  polarized  light, 
the  extinction-angles  being  much  wider  in  the  interior  than  in 
the  border.  There  is  clearly  a  transition  in  each  crystal  from  a 
thoroughly  basic  to  an  intermediate  felspar.  The  hornblende,  often 
twinned,  is  of  the  green  pleochroic  variety  found  in  the  syenites 
and  most  true  diorites,  aud  the  mica  (biotite)  is  brown  with  intense 
dichroism.  These  two  minerals  are  often  closely  associated,  and,  for 
the  most  part,  mould  the  felspar.  Quartz  occurs  interstitially  as 
the  latest  product  of  consolidation.  The  earliest- formed  minerals 
are  apatite  and  magnetite,  which  are  enclosed  by  all  the  other 
constituents. 

The  specimens  are  quite  fresh,  and,  as  regards  the  mutual  relations 
of  the  minerals,  the  zoning  of  the  felspars,  etc.,  agree  well  with 
some  examples  of  the  Banatito  type  of  quartz-diorite,  such  as  those 
from  Hodrics  near  Schemnitz  [1085]  and  from  Ben  Nevis  [397], 
or  some  of  the  Banat  rocks  themselves.  Wichmann,*  in  his  account 
of  the  Fiji  rocks,  has  described  a  diorite  from  near  the  same  locality  ; 
but  it  is  clearly  of  a  different  type,  and  he  makes  no  mention  of 
either  quartz  or  mica. 

(v.)   Uralitized  Gahhro  from  Eua,  Tonga  Islands, 

This  specimen,  also  from  Mr.  Lister's  collection,  is  from  a  boulder 
on  the  east  coast  of  Eua,  but  the  position  in  which  it  occurs  proves 
that  it  must  belong  to  the  island  itself.  The  point  is  one  of  some 
interest,  as  Eua,  like  the  rest  of  the  group,  appears  at  first  sight  to 
be  built  entirely  of  volcanic  and  calcareous  rocks,      llie  rock  is  a 

^  Tech.  Min.  u.  petr.  Mitth.  (n.e.)  vol.  t.  p.  17  ;  1883. 
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moderately  fine-grained  oystalline  aggregate,  in  which  little  patches 
of  black  hornblende  are  seen  moolding  the  dull  whitish  felspars. 

In  a  slice  [1258]  the  felspar  is  seen  to  be  a  lamellated  plagiodase 
in  crystal-plates,  idiomorphic  towards  the  bisilicates,  but  interfering 
with  one  another.  Some  crystals  have  their  zones  of  growth  indicated 
by  slight  differences  in  optical  properties.  The  wide  extinction- 
angles  point  to  a  basic  composition.  The  hornblende  has  a  pale 
green-brown  colour,  with  a  fibrous  structure.  It  is  sometimes  a 
mass  of  matted  fibres,  though  more  usually  there  is  a  common 
orientation  throughout  each  plate.  There  is  no  doubt  that  the 
mineral  is  pseudomorphic  after  augite,  and  there  is  frequently  an 
unaltered  kernel  of  colourless  augite  in  the  centre  of  the  uralitio 
aggregate.  In  places,  however,  the  usual  amphibole  cleavage  is  seen, 
and  this  is  accompanied  by  more  pronounced  colour  and  pleochroism. 
The  only  other  prominent  mineral  is  magnetite,  in  irregular  patches, 
of  later  formation  than  the  felspar,  but  moulded  by  the  bisilicate. 
llie  structure  of  the  rock  points  to  a  plutonic  origin,  the  general 
characters  being  those  of  a  gabbro  rather  than  a  diabase,  though  to 
some  extent  transitional. 


Y. — Notes  on  thb  Older  Books  of  Finland. 

By  B.  N.  LucAB,  B.A. 

[ContifMed  from  pag9  299,  Vol.  YII.  July,  1890.) 

THE  consideration  of  the  Archaean  rocks  of  Finland,  as  pointed 
out  in  a  previous  article,*  naturally  divides  itself  into  two 
parts:  J.  The  treatment  of  the  stratified  or  foliated  members  of 
the  series ;  II.  That  of  the  igneous  or  eruptive  rooks.  In  describing 
the  former,  want  of  space  compelled  me  to  handle  the  subject  in 
what  I  fear  must  be  regarded  as  a  very  fragmentary  manner.  In 
addition  I  confined  myself  entirely  to  giving  an  account  of  the 
older  members  of  the  formation,  omitting  dl  mention  of  the  younger 
schists,  mica-clay  slates,  phyllites,  etc.,  which  go  to  make  up  what 
is  in  Finland  regarded  as  corresponding  to  the  Huronian  subdivision. 
I  did  this  from  two  reasons, — firstly,  because  I  was  personally  better 
acquainted  with  the  rocks  in  question  ;  secondly,  because  it  seemed 
to  me  that  it  is  the  problem  of  the  origin,  sequence  and  composition 
of  the  older  members  of  the  series  which  at  the  present  day  pos- 
sesses most  interest  for  the  student  of  the  geology  of  the  Archsean, 
and  in  consequence  is  the  one  with  regard  to  which  the  greatest 
divergence  of  opinion  prevails.  In  the  present  article  I  propose 
to  give  a  short  account  of  the  more  important  eruptive  rocks  of 
Finland ;  but  before  proceeding  to  do  so,  it  would  not,  I  think,  be 
out  of  place  to  furnish  a  short  risumi  of  the  conclusions  to  which 
the  study  of  the  foliated  ArchsBan  rocks  of  the  country  has  led 
me,  and  which  I  believe  to  be  thoroughly  supported  by  the  data 
published  in  my  former  article.     These  are : — 

1.  The  succession  on  which  I  especially  insist,  namely,  commencing 
from   the   base — (I)    Oranite-gneiss ;  (2)  Grey  micaceous  gneiss ; 
^  Gbol.  Mao.  July,  1890. 
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(8)  Hornblende-gneiss  or  eurite.  This  seqaenoe  oorresponds  with 
that  whioh  has  been  established  by  Oiimbel  in  Saxony,  by  the  official 
survey  in  Sweden,  by  Groth  in  the  Central  Yosges  (Geog.  Unt  des 
Beichslands),  and  recently  by  Prof.  Bonney  in  Switzerland.  A 
similar  sequence  does  not  as  yet  appear  to  have  been  established 
among  the  Archssan  rocks  of  the  British  Isles  ;  but  this  may  be  due 
to  local  causes  or  to  its  having  hitherto  escaped  the  notice  of 
geologists. 

2.  That  the  Archsaan  rocks  of  Finland  present  a  similarity — I 
might  I  think  almost  say  identity — of  structure  and  composition 
with  those  of  all  true  Archean  territories,  whether  situated  in 
Switzerland  or  Scandinavia,  Canada  or  Saxony. 

3.  That  though  we  meet  with  numerous  instances  of  gneisses 
which  have  been  crushed  and  contorted,  we  also  find  plenty  of 
examples  which  show  no  evidence  of  excessive  pressure,  and  are 
nevertheless  in  all  respects  typical  gneisses.  This  is  particularly 
the  case  with  regard  to  granite-gneiss  and  hornblende-gneiss. 

4.  That  many,  if  not  all,  of  the  crystalline  limestones  which  occur 
apparently  interbedded  with  granite  and  gneiss,  and  in  some  of 
which  **  Eozoon  Canadense  "  was  formerly  asserted  to  occur,  are  not 
deposits  but  veins,  and  are  properly  speaking  to  be  classed  with 
pegmatites  and  metallic  lodes.^ 

Such  are,  I  think,  the  principal  conclusions  to  which  a  careful 
examination  of  the  Finnish  Arohasan  rocks  conducts.  They  may,  I 
trust,  prove  of  interest  not  only  because  they  summarize  the  results 
of  research  in  a  distant  country,  but  also  because,  owing  to  the 
similarity  of  the  Archaean  system  at  all  points  where  it  has  been 
observed,  they  may  be  regarded  without  hesitation  as  applicable 
beyond  the  limits  of  the  district  from  the  study  of  which  they  have, 
in  the  first  instance,  been  derived. 

Ebuftivb  Rooks. 

In  my  former  article  I  massed  both  foliated  and  eruptive  rocks 
together  under  the  general  heading  of  Archasan.  This  procedure  is 
both  convenient  and  customary,  but  it  must  be  understood  that  ita 
adoption  involves  the  making  of  assumptions  only  some  of  which 
are  in  accordance  with  facts,  others  being  actually  controverted  by 
them.  Thus  to  regard  the  crushed  and  foliated  granites  which  are 
interbedded  with  the  older  gneisses  as  of  similar  age  with  those 
gneisses  themselves  is  a  view  which,  as  far  as  I  am  aware,  there  is 
nothing  to  disprove.  But  to  consider  all  the  eruptive  rocks  which 
pierce  the  gneiss  formation  as  of  Laurentian  or  even  Arcbeean  age, 
is  an  opinion  which  it  seems  to  me  there  is  not  only  nothing  to 
support,  but  even  the  strongest  presumptive  evidence  to  disprove. 
Examples  of  this  are  afforded  by  the  rapakivi,  which  in  Southern 
and  Western  Finland  occurs  penetrating  older  strata,  and  might,  if 
it  had  only  been  observed  in  those  two  districts,  be  regarded  as  of 

1  Instances  in  point  are  afforded  by  the  limestones  of  Hoponsuo  and  Henriksnas, 
in  vbich  the  Russian  geologist  Pusirewski— one  of  the  worshippers  of  "Eozoon" 
— formerly  believed  himself  to  lui?e  discovered  the  object  of  his  adoration ! 
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Laarentian  age.  In  the  neighbourbood  of  Joensun,  however,  a 
rock  correBponding  in  all  respects  to  the  rapakivi  of  the  south  and 
west,  was  discovered  by  Prof.  Wiik  contorting  and  dislocating 
Huronian  slates  and  phyllites,  and  henoe  it  has  become  customary 
to  consider  the  rapakivi  as  a  ''  younger  "  eruptive  rock.  The  case 
of  the  diabases  is  very  similar.  No  grounds  could  be  advanced 
which  would  lead  to  the  conclusion  that  the  dykes  and  bosses  of 
the  north  of  Ladoga  Lake  (Wallamo)  are  much  more  recent  than 
the  Huronian  period.  But  in  the  extreme  west  of  Finland  a  strip 
of  sandstone  occurs  which  is  usually  regarded  as  Cambrian,  and  this 
sandstone  is  pierced  by  diabase  dykes.  I'here  is  a  strong  family 
resemblance  between  nearly  all  the  Finnish  diabases,  and  it  would 
certainly  not  be  a  very  violent  hypothesis  to  look  upon  them  all  as 
approximately  of  the  same  age,  t.e.  Cambrian  or  later— how  much 
later  we  cannot  form  even  an  approximate  opinion,  as  in  Finland 
there  is  a  '*  Gonungagap  "  from  early  Cambrian  to  Quaternary  times. 
1  now  pass  to  the  consideration  in  detail  of  the  more  important 
igneous  rocks  following  the  natural  subdivisions  of  the  subject,  and 
commencing  with  a  description  of — 

1.  Thb  Aoid  Ebuptivk  Rooks. 

Gneiss- Oranite. — The  base  of  the  crystalline  series  we  found  to 
oonsist  of  the  granite- gneiss — a  rook  in  which  coarseness  of  banding 
and  indistinctness  of  foliation  cause  it  to  present  a  superficial 
resemblance  to  granite.  In  the  gneiss-granite  we  have  a  granite 
which,  through  the  influence  of  pressure,  shearing-stress,  or  other 
canses,  has  assumed  the  appearance  of  a  fissile  gneiss,  and  which 
might  be  very  appropriately  termed  a  foliated  granite.  In  many 
instances  it  appears  to  be  the  oldest  member  of  the  eruptive  series ; 
for  in  most  cases  where  it  is  pierced  by  unaltered  granite,  the  latter 
is  plainly  a  younger  rock.  I  think,  however,  it  would  be  incorrect 
to  assume  that  all  gneiss-granites  are  of  the  same  age,  for  I  have 
seen  plenty  of  evidence  to  make  me  incline  to  the  opinion  that 
gneiss-granite  is  in  reality  a  fades  assumed  by  granites  which  may 
differ  in  age.  Among  other  reasons  for  thinking  this  to  be  the 
case,  I  may  mention  that  I  have  most  distinctly  observed  at  least 
one  case  in  which  a  boss  of  granite  which  was  mineralogically 
homogeneous  throughout,  showed  unmistakeable  foliation  near  its 
edges,  which  became  less  distinct  and  finally  disappeared  on 
approaching  the  centre  of  the  mass.  This,  I  think,  can  only  be 
explained  by  assuming  that  pressure  and  shearing- stress  have  made 
their  influence  more  felt  upon  the  exterior  portions  than  upon  the 
interior. 

Statigraphically  the  gneiss-granite  usually  preserves  relations  of 
more  or  less  intimacy  either  with  the  granite-gneiss  or  with  the 
grey  gneiss,  running  side  by  side  with  one  or  other  of  these  rocks 
over  considerable  tracts  of  country.  Its  foliation  always  appears 
parallel  to  the  strike  of  the  gneisses — a  fact  which  certainly  favours 
the  view  that  it  was  the  same  pressure  which  tilted  the  gneiss  strata 
into  their  vertical  position  which  produced  the  foliation  of  the  granite. 
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That  in  spite  of  its  foliation  it  is  of  eruptive  origin  is  very  well 
shown  by  the  fact  that  where  it  has  gneiss  for  its  next  door  neighbour, 
the  latter  rock  becomes  impregnated  with  granite-magma,  which,  as 
the  gneiss-granite  is  the  only  granite  near,  cannot  have  been  derived 
from  any  otiier  source.  It  is  often  said  to  pass  into  ordinary  non* 
foliated  granite  of  a  mineral  composition  identical  with  its  own.  I 
feel  very  little  doubt,  however,  that  in  many  cases  in  which  this  is 
stated  to  have  been  observed,  and  which  I  have  not  myself  seen,  the 
facts  are  in  reality  similar  to  those  in  the  instances  I  gave  above, 
namely,  that  the  whole  mass  is  one  granite,  foliated  externally,  and 
losing  its  foliation  inwards. 

Cases  occur  in  which  the  gneiss-granite  is  pierced  to  such  an  extent 
by  bosses  and  veins  of  massive  (unsheared)  granite,  doubtless  of  later 
age,  that  it  becomes  a  matter  of  difficulty  to  decide  which  of  the  two 
rocks  in  reality  predominates.  This  state  of  things  prevails  in  the 
neighbourhood  of  the  village  of  Nummis. 

Petrographically  the  gneiss-granite  consists,  like  ordinary  granite, 
of  quartz,  felspar,  and  mica.  The  quartz  and  felspar  are  as  a  rule 
disposed  quite  irregularly  throughout  the  mass  of  the  rock,  but  the 
mica  occurs  in  laminsB  which  sliow  parallelism  of  arrangement,  giving 
rise  to  a  semi-schistose,  at  times  fissile  appearance.  Thus  the 
apparent  foliation  of  the  rock  is  due  entirely  to  the  mica,  and  if  we 
could  dissolve  it  out  or  eliminate  it  by  any  other  means,  we  should 
as  a  rule  obtain  a  structureless  mass  of  felspar  and  quartz.  It  is  ' 
consequently  the  mica  which  enables  us  to  distinguish  gneiss-granite 
both  from  ordinary  massive  granite  and  from  granite-gneiss.  In  the 
former  no  order  of  arrangement  whatever  is  observable  among  the 
minerals  composing  it  In  the  latter  there  prevails  a  certain 
parallelism  of  arrangement  among  all  the  minerals  of  which  it  con- 
sists, and  this  would  still  remain  to  be  observed  even  if  any  one  of 
them  such  as  the  mica  were  to  be  removed.  In  addition  true  gneiss 
nearly  always  displays  more  or  less  stratification  which  is  entirely 
absent  in  the  case  of  gneiss-granite,  for  the  latter  quite  resembles 
typical  massive  granite  in  its  petrological  uniformity  and  sameness 
of  colour  over  wide  areas. 

Occasionally  a  certain  subsidiary  parallelism  of  mica  cutting  the 
principal  mica  planes  at  an  angle  is  observable.  This  appearance 
we  may,  I  think,  correctly  attribute  to  secondary  stresses — it  is  in 
fact  the  outward  and  visible  sign  of  secondary  cleavage. 

There  is  also  a  curious  variety  of  gneiss-granite  in  which  the  role 
ordinarily  played  by  the  mica  is  assumed  by  the  quartz.  In  these 
cases  the  quaiiz  individuals  are  found  as  a  species  of  laminsB  arranged 
parallel  to  the  general  direction  of  cleavage  and  contributing  to  it 
(Mantslla  district).  Where  the  quartz  occurs  in  this  manner,  the 
mica  no  longer  shows  parallelism — on  the  contrary,  the  mica  and  the 
felspar  are  then  disposed  quite  irregularly  throughout  the  whole. 

Hapakivi,  Sheet  No.  7. — The  towns  of  Borg&  and  Friedrikshamn 
are  situated  in  the  Gulf  of  Finland,  about  70  miles  apart.  A  square 
erected  upon  a  line  joining  the  two  Would,  roughly  speaking,  com- 
prise the  celebrated  Kapakivi  district  of  the  South  of  Finland.     The 
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whole  of  this  region  is  comparatively  flat  in  character,  consisting  of 
round  dome-shaped  protuberances  covered  with  wood  and  alternating 
with  lakes  and  shallow  valleys  above  the  level  of  which  they  seldom 
rise  to  a  distance  of  more  than  about  50  or  100  feet  With  the 
exception  of  a  few  dykes  and  bosses  of  younger  granite  and  syenite, 
npakivi  forms  the  fundamental  rock  throughout  the  whole  of  this 
district,  and  there  is  scarcely  a  hillock  or  elevation  where  it  is  not 
to  be  seen  emerging  from  beneath  the  Post-Tertiary  foimations  which 
frequently  overlie  it,  and  presenting  to  the  view  the  large  crumbling 
boulders  from  which  the  rock  has  derived  its  name — rapakivi  meaning 
in  Finnish  rotten  or  crumbling  stone.  The  aspect  of  these  boulders 
is  very  peculiar,  at  times  picturesque;  on  the  weather-side  they 
have  not  unfrequently  crumbled  away  to  what  is  obviously  not  more 
than  half  their  original  size,  and  the  base  of  the  rock  is  in  conse- 
quence  covered  with  a  talus  of  weathered  fragments  of  felspar 
quartz-grains,  hornblende  crystals,  etc.,  among  which  the  large  egg« 
shaped  balls  of  orthoclase,  varying  from  about  an  inch  in  diameter  to 
the  size  of  the  fist,  are  still  to  be  fbund  comparatively  intact 

Petrographically  rapakivi  consists  of  an  aggregate  of  quartz, 
orthoclase,  biotite  and  hornblende— the  last  being  always  in  eyidenoe. 
The  orthoclase  varies  from  pink  to  brick-red,  occurring  as  a  rule  in 
crystals  of  l^in.  to  2^in.  long  and  lin.  to  2in.  thick,  with  glassy 
principal  cleavage  often  appearing  as  Carlsbad-twins,  and  forming 
the  principal  constituent  of  the  rock.  Owing  to  radial  accretion,  it 
often  happens  that  the  crystals  assume  the  form  of  oblong  spheres 
which  occur  notably  in  the  neighbourhood  of  EHma.  These  large 
crystals  of  orthoclase  are  surrounded  by  a  mantle  of  oligoclase  of  a 
yellowish-green  colour  turning  white  on  weathering.  The  quartz 
crystals,  which  are  smoky  grey  or  white,  average  about  ^in.  in 
diameter.  The  mica,  which  is  extremely  black,  is  pretty  equally 
distributed  throughout  the  whole  in  the  form  of  brilliant  laminaa. 
The  hornblende,  which  is  black,  occasionally  turning  somewhat 
green,  occurs  only  in  small  quantities  and  in  the  form  of  short 
monoclinic  prisms.  The  rock  does  not  display  the  slightest  tendency 
towards  parallel  arrangement  of  any  of  its  constituents. 

Eapakivi  has  been  microscopically  examined  by  H.  Gylling,  from 
whose  report  the  following  facts  are  taken. 

"  In  addition  to  orthoclase  and  oligoclase,  microclinic  felspar  also 
occurs,  recognized  by  its  peculiar  structure  and  the  fact  that  it 
extinguishes  polarized  light  14°  to  15°  from  the  edge  between  the 
clinopinaooid '  and  the  basal  plane.  The  microscopic  examination 
further  shows  that  the  quartz  crystals  are  sometimes  fully  crystallized 
out  and  contain  water  in  minute  cavities  (fluid  inclusions).  Both 
hornblende  and  oligoclase  are  much  weathered,  the  former  occa- 
sionally being  decomposed  into  calcite.  As  occasional  constituents 
occur  yellow  and  yellowish-brown  prisms  of  zircon,  red  laminas 
and  needles  of  hsBmatite,  and  black  opaque  masses  of  magnetite 

^  It  will  be  seen  that  microoline  is  here  regarded  as  really  monoclinic — an  opinion 
vith  which  I  certainly  agree. 

DBCADB  m. — VOL.  Till. — ^MO.  IV.  12 
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and  titaniferoas  iron  ore.  Crystals  of  fluor-spar  are  also  at  times 
visible  even  to  the  naked  eye." 

Though  as  above  pointed  out  the  rapakivi  is  almost  perfectly 
uniform  in  its  characteristics  throughout  the  district  in  which  it 
occurs,  a  variety  distinguished  by  comparative  hardness  and  capacity 
for  resisting  the  weather  is  also  found,  as  a  rule  on  the  confines  of 
the  rapakivi  region  proper ;  for  instance,  in  Morskom,  Penio,  and 
Borg&  parish,  where,  as  also  in  Helsingfors,  it  is  lai^ely  used  as  a 
builHing-stone.  In  this  variety  there  is  usually  less  oligoclase  and 
hornblende,  and  the  orthoclase  and  quartz  crystals  are  of  larger  size. 
The  remarkable  tendency  to  fall  to  pieces  under  the  action  of  the 
weather,  which,  if  we  except  the  occurrence  of  microcline,  is  perhaps 
the  most  characteristic  peculiarity  of  rapakivi,  has  given  rise  to  a 
variety  of  attempted  explanations.  Some  have  inclined  to  the 
opinion  that  the  phenomenon  in  question  is  doe  to  the  presence  of 
iron.  A  strongly  weathered  rapakivi  from  Lapptrask,  however, 
was  found  to  contain  7  62  per  cent  of  iron,  while  an  unweathered 
sample  from  Elima  gave  as  much  as  6*53  per  cent — a  difference  in 
amount  hardly  sufficient  to  explain  the  observed  variations  in 
behaviour  towards  the  weather.  Others  again  attribute  the  opposite 
effects  observed  in  the  two  varieties  to  the  different  proportions  of 
silica.     Here  are  some  analyses  bearing  upon  the  question  : — 

Silica. 

A  non-weatbeied  rapaklTi  from  StrSmfon      67*44 

A  similar  rapakiTi  from  Elima 69*17 

Bapakiri  from  Korsmalm,  near  Lapptrask,  much  weatbond 77*61 

There  seems,  however,  to  be  no  reason  why  a  high  percentage  of 
silica  should  conduce  to  weathering,  and  it  does  not  always  appear 
to  be  the  case  that  the  weathered  specimens  contain  more  silica  than 
the  unweathered.  Probably  Moberg  is  right  in  attributing  the 
principal  r6le  in  the  matter  to  the  oligoclase  which  weathers  easily 
and  occurs  in  greater  amount  in  the  weathered  samples. 

At  a  few  places  within  the  rapakivi  territory  it  is  pierced  by 
dykes  of  a  younger  granite  consisting  mainly  of  orthoclase  and 
quartz  as  at  Norrby,  near  Lapptrask. 

Bapakivi  is  everywhere  very  much  jointed  and  the  jointing  takes 
place  in  certain  regular  directions. 

This  peculiar  rock  is,  as  is  well  known,  confined  exolusively  to 
Finland,  with  the  exception  of  the  boulders  which  were  transported 
thence  to  the  North  German  Plains  by  the  agency  of  ice  during  the 
Glacial  Period,  where  they  are  to  be  met  with  very  frequently  and 
have  been  elaborately  described  by  v.  Ungem  Sternberg  (N.  Jahrb.  f. 
Min.  1882). 

There  is  another  rapakivi  district  in  the  West  of  Finland,  in 
the  neighbourhood,  namely,  of  Nystad.  Here  the  rock  differs  a 
good  deal  from  the  southern  and  more  characteristic  type  described 
above.  The  structure  there  so  common,  according  to  which  the 
orthoclase  balls  are  surrounded  by  a  sort  of  mantle  of  oligoclase, 
is  here  seldom  observed.  On  the  contrary,  the  orthoclase  usually 
occurs  in  separate  crystals  of  considerable  dimensions,   and    the 
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general  matrix  of  the  look  enrrounds  the  balls  or  nodules  of  orthoclaae 
withoat  any  intermediary  oonoentric  oligoolase  layer. 

Mtorosoopioally  it  differs  also  from  the  other  Yariety  in  being 
destitute  of  miorocline.  It  oooasionally  shows  micro-pegmatitic 
Btraotnre ;  and  its  qaartz  is  peculiar,  being  very  idiomorphioally 
developed  and  containing  long  needles  (microliths)  of  a  dark-coloured 
minend  which  the  American  geologist  Ha  wee  declares  to  be  rutile. 

In  its  stratigraphical  relationships  the  western  rapakivi  is  very 
interesting,  a  great  deal  of  evidence  having  been  collected  tending 
to  show  that  it  has  both  exercised  an  enormous  pressure  on  the  rocks 
through  which  it  has  been  forced,  and  has  itself  in  places  been 
modified  by  this  pressure,  which  may  perhaps  justify  the  assumption 
that  it  was  in  a  very  pasty  condition  when  irrupted.  The  southern 
rapakivi  on  the  contrary  does  not  appear  to  have  modified  the  sur- 
rounding rocks  at  all. 

Great  masses  of  granite,  syenite,  and  elflBolite-syenite  occur 
throughout  the  country ;  but  as  they  do  not  on  the  whole  differ  from 
similar  rooks  in  other  districts,  I  have  not  devoted  any  space  to 
a  description  of  them. 

The  various  questions  relating  to  the  origin,  characteristics  and 
ooonrrenoe  of  pegmatites,  I  propose  to  reserve  for  future  consideration. 
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Three  Papers  ok  Graptolites. 

1.  Ubbeb   i>a8  Alter    dbs   sogbn.   Graptoltthbn-Gbsteins   hit 

BBSOMDBBEB  BbKUOHSIOHTIOUNO  PER  IN  DBICSELBEN  BNTHALTBMBK 

Graptouthem.  Yon  Hbrrn  Otto  Jabkbl,  in  Berlin.  Zeitsohr. 
d.  deutschen  geolog.  Gesellschaft,  Jahrg.  1889,  pp.  653-716, 
Taf.  xxviii.  xxix. 

2.  GoTLANDS  Graptolitsb.  Af  Gerhard  Holm.  Bihang  till  E. 
Svonska  Vet-Akad.  Handlingar,  Bd.  16,  Afd.  iv.  No.  7  (1890), 
pp.  1-34,  Taf.  1,  2. 

3.  Undbrsokninoar  ofver  SiLJANSOBRAnETs  Graptolitbr.   Af  Sv. 

Leonh.  Tornqvist.  Lunds  Univ.  Arsskrift.  Tom.  xxvL  pp.  1-33, 
Taf.  i.  ii. 

1.  On  the  Age  op  the  so-oalled  Graptolite  Stone,  with  Special 
Reference  to  the  Graptolites  oontained  therein.  By  Otto 
Jakkel. 

2.  The  Graptolites  op  the  Island  of  Gotland.     By  Gerhard 

Holm. 
8.  An  Examinaton  of  the  Graptolites  op  the  District  of  Siuan, 
Dalarne,  Sweden.     By  Sv.  Leonh.  Tornquist. 

SCATTERED  through  the  Drift  of  Northern  Germany  there  are 
numerous  boulders  of  calcareous  rock  containing,  with  various 
other  fossils,  several  species  of  Graptolites,  and  for  this  reason  they 
were  styled  **  Graptolithen-gestein  "  by  Ferd.  Roemer.  The  parent- 
rock  of  these  boulders^  situated  somewhere  in  the  Silurian  basin  of 
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the  Baltic,  has  not  yet  been  discovered,  and  different  opinions  have 
been  expressed  as  to  the  particular  divisions  of  the  Silurian  to  which 
the  boulders  belong.  By  the  majority  of  German  geologists  they 
have  been  referred  to  the  highest  series  of  the  Silurian  ;  the  Swedish 
geologists  on  the  other  hand  place  them  about  the  middle  of  the 
Upper  Silurian  series.  With  the  view  of  elucidating  the  question. 
Dr.  Jaekel  has  examined  the  Silurian  outcrops  in  the  West  of 
England,  and  he  finds  that  there  is  a  very  close  correspondence  both 
in  the  petrologioal  characters  and  the  fossils  of  these  boulders  with 
the  beds  of  Wenlock  Shale  age  exposed  at  Burrington,  near  Ludlow, 
and  therefore  he  maintains  that  they  really  are  of  the  age  of  the 
Wenlock  Sljale. 

In  the  present  paper  the  characters  and  the  geological  distribution 
of  the  fossils  in  the  boulders  are  treated  of,  but  the  author  more 
particularly  refers  to  the  Graptolites,  and  brings  forward  some  new 
structural  features  which  in  his  opinion  will  considerably  modify 
their  present  classification.  Thus  in  the  genus  Monograptu8,  two 
groups  are  proposed,  based  chiefly  on  the  different  position  of  the 
thecal  aperture  and  its  appendages.  In  the  first  of  these,  PHstio- 
graptus,  the  aperture  is  free,  and  occupies  the  entire  upper  end  of 
the  theca,  and  the  only  appendages  are  spines  on  the  lower  margin 
of  the  aperture,  and  these  are  not  always  developed.  In  the  second 
group,  Fomaiograptus,  the  outer  portion  of  the  theca  is  contracted, 
the  aperture  is  small  and  situated  beneath  an  extended  roof-like 
process  which  forms  the  upper  end  of  the  theca.  Hitherto  the 
thecal  aperture  in  these  Graptolites  has  been  supposed  to  be 
at  the  extreme  end  of  this  arched  process,  but  the  well-preserved 
examples  figured  by  Dr.  Jaekel  show  that  this  view  is  eiToneous. 

The  author  further  maintains  that  Graptolites  were  not  free- 
swimming  organisms,  but  probably  lived  at  the  bottom  of  deep  seas 
lightly  anchored  in  the  mud.  He  also  considers  that  the  simple 
forms  of  Monograptus  are  not  complete,  but  only  branches  of  colonial 
stocks ;  but,  as  pointed  out  by  Dr.  Holm,  he  seems  to  have  over- 
looked the  fact  of  the  presence  of  the  sicula,  which  is  never  wanting 
at  the  proximal  end  of  the  organism,  and  thus  conclusively  shows 
the  primary  commencement  of  the  growth  of  the  polypary.  A 
description  of  the  structure  of  EetioliteB  is  likewise  given,  but  in  this 
no  account  is  taken  of  the  earlier  works  of  Tomquist  and  Tullberg. 

In  the  second  paper  above  mentioned,  Dr.  G.  Holm  has  revised 
the  list  of  Graptolites  occurring  in  the  Silurian  strata  of  the  Isle  of 
Gotland,  and  enumerates  the  following  nine  species  and  varieties  ; 
JHeiyonema  cervicome,  n.  sp.,  2>.  abnorme,  n.  sp.,  Monograptus  priodon, 
Bronn,  D.  priodon,  var.  Flemingii,  Salt,  Jtf.  auhconicus,  Tornq.,  M. 
duhiu8,  Suess,  M.  sp.,  Betiolites  Oeinitzianus,  Barr.,  and  B.  nasaa, 
n.Bp.  A  list  is  given  of  the  names  and  distribution  of  the  known 
species  of  Dictyonema,  and  a  very  careful  description  of  a  new  species, 
D,  cervicome,  based  on  specimens  obtained  free  from  matrix.  In 
these  the  upper  portion  of  the  theca  is  extended  into  a  long,  spined 
process  bifurcated  at  the  extremity ;  and  connected  laterally  with 
each  theca  there  is  a  cup-like  or  nest-shaped  structure,  possibly  a 
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gonangiura.  Dr.  Holm  further  describes  and  figures  some  remarkably 
well-preserved  examples  of  RetioliieB  and  Stomaiograptus,  in  which 
the  Btruotoral  details  are  clearly  shown. 

In  the  third  paper,  Professor  Tomquist  describes  22  species  of 
Graptolites  occurring  in  the  Ordovician  and  Silurian  strata  of  the 
district  of  Siljan  ;  of  these  the  following  are  regarded  as  new, 
ClonograptUB  robuaius,  Tetragraptus  curvatus,  Didymograptus  gracilis, 
D.  decens,  Climaeograptus  iniemexusy  and  Diplograptua  bellulus. 
Many  of  the  species  in  the  area  referred  to  are  likewise  common  to 
the  Coniston  Flags  and  to  the  Quebec  Group  of  Canada. 
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L*Aboh£bn  et  le  Cambkten  dans  le  Nord  du  Massif  Breton 

BT  LEUBS  iQUIYALENTS  DANS  LB  PaTS  DB  GalLBS.     Par  A.  BiGOT, 

Docteur-^s-Scienoes.     (Cherbourg,  1890.) 

DOCTOR  BIGOT  is  a  young  French  geologist  who  is  rapidly 
winning  his  spurs.  Having  done  excellent  work  amongst  the 
older  rocks  of  Northern  France,  he  came  over  to  Great  Britain,  and 
compared  the  systems  with  which  he  was  familiar  with  some  of  the 
basal  rock-groups  of  Wales  and  Shropshire.  The  results  of  this 
comparison  are  given  in  the  work  before  us,  and  will  be  found  to  be 
in  substantial  agreement  with  the  views  maintained  by  those  who 
in  this  country  have  paid  the  fullest  attention  to  the  ArohsBan  and 
Cambrian  rocks. 

In  the  first  part  of  his  work  Dr.  Bigot  describes  the  phyllads  and 
purple  conglomerates  in  the  district  of  Saint- L6  and  in  the  west  of 
Calvados.  From  the  typical  area,  he  passes  to  the  northern  extension 
of  these  formations,  as  studied  in  the  district  round  Cherbourg.  He 
then  takes  up  the  same  rock-groups  south  of  Saint-Lo,  and  describes 
their  occurrence  in  the  south  of  Calvados,  at  Granville,  and  in  the 
island  of  Jersey,  which  lies  about  30  miles  to  the  north-west  of 
Granville.  In  Chapter  lY.  the  author  discusses  the  relation  between 
the  Phyllads  and  the  older  PalsBOZoic  groups.  Chapter  V.  gives  an 
account  of  the  eruptive  rocks  of  Normandy  and  the  Channel  Isles ; 
and  Chapter  VI.  concludes  the  first  part  with  a  description  of  the 
general  stratigraphy  of  the  Breton  mamf.  In  the  succeeding  chapters 
the  author  discusses  the  correlations  of  the  older  rocks  of  north- 
western France  with  their  equivalents  in  Pembrokeshire,  North 
Wales,  and  Shropshire ;  and  winds  up  with  an  excellent  summary 
of  his  conclusions.  Then  follows  a  valuable  bibliographic  index, 
the  authors  being  classed  under  the  respective  heads  of  '*  The  Breton 
maBnf/'  and  "  Wales  "  (including  Shropshire). 

The  schistose  and  slaty  rocks  named  after  the  town  of  Saint-L6, 
and  usually  referred  to  by  French  geologists  as  ''schistes"  or 
**  phyliades,"  have  been  described  by  a  long  series  of  writers. 
Dnfrenoy  in  1838  identified  them  with  the  Cambrian  of  Great 
Britain,  a  very  natural  opinion  at  a  time  when  the  Longmynd 
Beries  was  accepted  as  typical  Cambrian,  and  when  the  existence 
of  slaty  rocks  below  the  Cambrian  was  not  recognized  in  Eutope. 
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Dafrenoy'B  identification  was  accepted  by  Dalimier,  Bonissent,  De 
Lapparent,  and  finally  by  Barrois,  though  it  should  be  remarked 
that  the  last-named  writer  has  been  wont  to  quote  Dufr^noy'a 
opinion  without  positively  endorsing  it.  Professor  Hebert,  however, 
afiopting  a  Cambrian  age  for  the  "  Conglomerats  pourpres/'  and 
observing  that  these  strata  were  unoonformably  superimposed  upon 
the  **Schistea  de  Saint-L6,"  concluded  that  the  latter  were  of 
Archaean  age.  In  this  opinion,  the  late  Professor  of  Greology  at  the 
Sorbonne  has  been  followed  by  his  pupil,  Dr.  Bigot. 

The  evidence  given  in  the  volume  before  us  wonld  seem  to  be 
decisive  of  the  true  relation  of  the  Saint-L6  Series  to  the  purple 
conglomerates.  The  author  confirms  the  existence  of  the  strati- 
graphical  discordance  alleged  by  Hebert,  and  he  affirms  that  the 
newer  series  contains  pebbles  of  the  sandstone  which  is  intercalated 
amongst  the  Phyllads.  The  unconformity  would  therefore  seem  to 
be  very  marked. 

The  researches  of  Dr.  Ch.  Barrois  and  Dr.  Bigot  have  brought  to 
light  additional  resemblances  between  the  rocks  of  Saint- L6  and  the 
younger  Archaeans  of  Britain.  According  to  the  former  writer,  the 
Saint-L6  Series  sometimes  presents  a  volcanic  facies.  In  the  north 
of  Brittany,  acid  rocks,  such  as  "  quartz- porphyries  and  petrosilez," 
arie  '  said  by  him  to  be  interstratified  with  the  Phyllads,  and  to 
furnish  rounded  fragments  to  the  Conglomerates  of  Moutfort,  the 
equivalents  of  the  '*  Conglomerats  pourpr6s."  Dr.  Bigot  records 
similar  facts.  He  states  that,  at  La  Hogue  and  in  the  island  of 
Alderney,  the  "purple  conglomerates"  contain  pebbles  of  "petro- 
siliceous  porphyries,"  evidently  derived  from  an  older  formation. 

According  to  Dr.  Bigot,  the  district  of  La  Hogue  furnishes  still 
more  emphatic  proof  of  the  gap  between  the  Phyllads  and  the 
purple  conglomerate.  A  quarry  displays  a  section  of  the  Phyllads, 
penetrated  by  numerous  veins  of  "granulite,"  and  surmounted  by 
the  purple  series.  The  veins  are  dcRcribed  as  modifying  the 
Phyllads,  but  producing  no  effect  upon  the  purple  beds ;  and  it  is 
inferred  by  Dr.  Bigot  that  the  older  group  was  invaded  and  meta- 
morphosed by  the  granite  previous  to  the  deposition  of  the  purple 
conglomerates. 

We  are  gradually  learning  that  the  resemblances  between  the  newer 
Archaean  rocks  in  Northern  France  and  Western  Britain  are  very 
close  indeed.  In  the  British  area,  the  predominating  types  of  rock 
in  the  Pehidian  (or  TJriconian)  are  acidic  volcanic  eruptives,  hypo- 
metamorphic  schists,  grits  more  or  less  altered,  and  comparatively 
unaltered  slates ;  and  these  are  precisely  the  lithological  characters 
most  conspicuous  in  the  Phyllads  of  Saint-L6.  The  present  writer 
accompanied  Dr.  Barrois  and  Dr.  Bigot  in  the  year  1888  to  Caer 
(Jaradoc.  Both  of  these  geologists  were  struck  with  the  lithological 
similarities  between  our  TJriconian  and  the  volcanic  rocks  associated 
with  the  Phyllads,  and  they  have  recorded  their  iqapressions  in 
subsequent  publications. 

But  the  parallelism  between  the  older  rock-groups  of  the  French 
and  British  areas  has  been  shown  to  extend  yet  further.     Dalimier^ 
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in  1861,  and  BonisBenfc,  in  1870,  recorded  the  occurrenoe  of  con- 
glomerates  intercalated  in  the  Phyllads.  Barrois,  in  1884,  gave  a 
list  of  the  contained  pebbles,  amongst  which  was  a  **  granite  identical 
with  that  of  Chaueey."  Hebert,  subsequently  (1886)  described  this 
conglomerate,  also  identifying  the  Ghansey  granite  amongst  the 
pebbles,  and  he  concluded  that  the  conglomerate  proved  the  existence 
of  gFEUiites  "  older  than  the  Archfean,"  the  term  "  Archasan  "  by  this 
writer  being  limited  to  the  group  called  by  us  ''Pebidian"  or 
"Drioonian."  Bigot  supports  Hel)ert*8  contention,  and  carefully 
distinguishes  ''the  conglomerates  of  Granville,  with  pebbles  of  granite, 
intercalated  in  the  vertical  Phyllads'*  from  '*the  purple  conglomerates, 
almost  horizontal,  forming  the  base  of  a  series  which  the  Qres 
Armorieatn  conformably  overlies,'*  that  is  to  say,  he  makes  the  former 
conglomerate  Archaoan,  and  the  latter  Cambrian. 

The  conglomerate  of  Granville  strongly  suggests  the  Archaean 
conglomerate,  which,  at  Charlton  Hill  near  the  Wrekin,  contains 
pebbles  of  a  granite  which  is  undistinguishable  from  a  granite 
exposed  in  the  Wrekin  and  at  Malvern :  and,  if  Hebert  and  Bigot 
are  right  in  their  reading  of  the  Granville  section,  a  granite  of 
Pre-Urioonian  age  is  proved  in  both  the  British  and  French  areas. 

Whether  the  Phyllads  of  Saint-L6  represent  only  the  Pebidiau 
(Urioonian)  of  Britain,  or  also  include  the  equivalent  of  the 
Longm3'ndian,  is  at  present  an  unsettled  question.  A  small  collection 
of  typical  specimens  from  the  Phyllads,  sent  some  years  ago  by 
Prof.  Hebert  to  Uie  present  writer,  would  be  considered  thoroughly 
typical  of  our  Pebidian,  and  not  at  all  like  our  Liongmyndian. 

The  rocks  which  unconformably  overlie  the  Phyllads  are  con- 
sidered by  Dr.  Bigot  to  represent  the  several  horizons  of  our  British 
Cambrian.  In  the  following  table  he  indicates  the  parallelism  which 
he  believes  to  subsist  between  the  members  of  the  older  systems  in 
the  two  areas. 


Wales. 
Arenig. 


Olenidian. 

bolva  and  Mene^ian. 

Caerfai. 

Conglomerate. 

Pebidian. 


NOBMAKDH. 

Gr^  armoricain. 


Ords  feldspathiqnes. 
Schifltes  ▼erts  et  gr^a  ^erti. 
Schistes  rouges  et  marbres. 
PoudingueH  poorpr^s. 

Schistes  de  Saint-L6. 


» 
Okolooioal  Sooiktt  of  London. 

L — Feb.  20,  1891. — Annual  General  Meeting. — Dr.  A.  Geikie, 
F.R.S.,  President,  in  the  Chair. 

The  Secretaries  read  the  Beports  of  the  Council  and  of  the  Library 
and  Museum  Committee  for  the  year  1890.  In  the  former  the 
Council  once  more  congratulated  the  Fellows  upon  the  continued 
prosperity  of  the  Society,  as  evinced  by  its  increasing  number  and 
by  the  satisfactory  condition  of  its  finances. 
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The  number  of  Fellows  elected  duriDg  the  year  was  76,  of  whom 
56  qualified  before  the  end  of  the  year,  together  with  16  previoualy 
elected  Fellows,  and  these,  with  one  Fellow  readmitted,  made  a  total 
accession  of  T6  Fellows  during  1890.  As,  however,  from  thia 
number  a  deduction  of  43  was  made  for  losses  by  death,  resignation, 
and  remoYal,  and  for  new  Fellows  compounding,  the  actual  increase 
in  the  number  of  Contributing  Fellows  was  30.  The  total  number 
of  Fellows,  Foreign  Members,  and  Foreign  Correspondents  at  the 
close  of  the  year  1890  was  1405. 

The  Balance-sheet  for  the  year  1890  showed  receipts  to  the 
amount  of  £3034  80.  Id.,  and  an  expenditure  of  £2429  16s.  2i. 
Further,  a  sum  of  £420  10s.  was  expended  in  the  purchase  of  stock, 
and  the  balance  in  favour  of  the  Society  at  December  31,  1890, 
amounted  to  £433  17s.  6d. 

The  Council's  Report  also  referred  to  the  publication  of  the  late 
Mr.  Ormerod's  Third  Supplement  to  his  Index  to  the  Publications 
of  the  Society,  to  the  editing  of  Nos.  183  and  184  of  the  Journal  bj 
Prof.  T.  Rupert  Jones,  to  the  deaths  of  the  late  Foreign  Secretary 
and  the  late  Assistant- Secretary,  and  in  conclusion  enumerated  the 
awards  of  the  various  Medals  and  Proceeds  of  Donation-Funds  in 
the  gift  of  the  Society. 

The  Report  of  the  Library  and  Museum  Committee  included  a  list 
of  the  additions  made  during  the  past  year  to  the  Society's  Library, 
and  announced  the  completion  of  the  glazing  of  the  Inner  Museum. 

In  presenting  the  Wollaston  Medal  to  Prof.  J.  W.  Judd,  F.R.S., 
the  President  addressed  him  as  follows : — 

Professor  Jndd, — The  Comicil  have  awarded  to  yon  the  Wollaston  Medal  in  recog- 
nition of  the  important  services  rendered  by  yon  to  Geological  science,  especially  in 
the  department  of  Petrography.  In  recalling  for  a  moment  the  value  and  extent 
of  these  services,  I  am  reminded  that,  after  showing  your  powers  by  an  excellent 
paper  on  the  strata  of  the  Lincolnshire  Wolds,  yoti  l^gan  yonr  geological  career  in 
the  Geological  Survey  under  Murchison,  and  that  you  had  thus  a  favourable  oppor- 
tunitv  of  acquiring  that  practical  acauaintance  with  the  details  of  geological  structure 
whicn  can  in  no  way  be  so  thoroughly  mastered  as  by  actual  patient  mapping.  Your 
volume  on  the  "Geology  of  Rutland "  proved  how  well  you  had  profited  by  the 
advantages  which  your  official  duties  afforded  you.  From  the  Jurassic  rocks  of 
England,  which  you  had  studied  in  minute  detail,  you  were  led  to  undertake  the 
investigation  of  tnose  of  Scotland,  which  you  succeeded  in  reducing  to  order,  bringine^ 
them  into  closer  relationship  with  their  equivalents  in  the  southern  part  of  the  United 
Kingdom. 

It  was  in  the  course  of  those  northern  expeditions  that  you  were  drawn  from  the 
field  of  stratigraphy  into  the  study  of  volcanic  rocks,  to  which  you  have  since 
devoted  so  larfe  a  jwrt  of  your  time  and  thought,  and  in  the  study  of  which  yon 
have  journeyed  far  and  wide  in  this  country,  and  hnve  extended  your  travels  to  the 
islands  of  the  Mediterranean.  The  problems  presented  by  these  rocks  in  the  field 
led  yon  to  seek  the  aid  of  the  microscope,  and  to  enter  upon  a  course  of  distinguished 
petrographical  research.  1  trust  that  the  award  of  this  Medal  will  be  received  by 
you  as  a  mark  of  the  estimation  in  which  your  work  is  held  by  the  Society  in  whose 
Quarterly  Journal  most  of  it  has  been  published. 

Prof.  Judd,  in  reply,  said  : — Mr.  President, — It  is  a  source  of  legitimate  gratifica- 
tion to  the  student  of  science,  when  a  favourable  judgment  on  his  efforts  is  pronounced 
by  his  contemporaries  and  fellow -workers.  In  receiving  this  highly-prized  mark  of 
your  approval,  I  would  fain  forget  for  one  moment,  if  that  were  possible,  how  far 
the  work— of  which  you  have  spoken  in  such  graceful  terms — falls  m  amount  below 
my  hopeful  anticipations  of  the  past,  how  it  f fuls  to  reach  the  standard  of  excellence 
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of  IDT  cherished  ideals.  Any  value  which  that  work  may  be  found  to  possess  is 
undoubtedly  due,  in  great  part,  to  the  fostering  care  of  the  Society  which  to-day  so. 
eenerously  crowns  my  labours  To  the  Geological  Society,  in  its  corporate  capacity, 
I  am  indebted  for  the  reception  and  publication  of  the  results  of  my  studies ;  to 
indiriduals  composing  that  Society  I  owe  more  than  I  can  ever  express,  for  kind 
sympathy,  warm  encouragement,  and  friendly  aid ;  and  to  both  Council  and  Members 
I  shall  always  be  deeply  grateful  alike  for  helpful  suggestion  and  discriminating 
criticism. 

In  handing  the  Murchison  Medal  awarded  to  Professor  W.  C. 
Brogger,  of  Christiania,  to  J.  J.  H.  Teall,  Esq.,  M.A.,  F.R.S.,  for 
transmiKsion  to  the  recipient,  the  President  spoke  as  follows  : — 

Mr.  Teall, — The  Council  has  awarded  the  Murchison  Medal  to  Professor  W.  C. 
^^^SS^f »  o^  Christiania,  and  in  asking  you  to  transmit  it  to  him  I  will  request  you 
also  to  couTey  to  him  an  expression  of  the  high  estimation  in  which  we  hold  his 
researches  among  the  older  rocks  of  Scandinavia.  He  is  remarkable  among  the 
geologists  of  Europe  for  the  great  range  of  his  acquirements.  If  we  were  to  read 
only  his  descriptions  of  the  Silurian  fauna  of  Southern  Norway  we  should,  doubtless, 
believe  him  to  be  essentially  a  palaeontologist.  If  we  looked  over  his  maps  and 
sections  of  the  Christiania  district,  we  should  think  of  him  rather  as  an  admirable 
stradgrapher  and  cartographer.  If,  again,  we  began  with  his  account  of  the  eruptive 
rocks  and  their  zone  of  contact- metamoiphism,  we  should  conclude  that  his  chief 
studies  must  have  lain  in  microscopic  and  chemical  petrography,  of  which  he  is  so 
accompliBhed  a  master.  Or,  lastly,  if  we  knew  him  only  by  such  essays  as  his  late 
paper  on  garnets,  we  should  regard  him  as  preeminently  a  mineralogist,  gifted  with 
rare  ori^-mality.  He  has  swept  a  full  chord  on  the  geological  lyre,  and  every  note 
sounds  nch  and  true. 

It  gives  me  personally  an  especial  pleasure  to  be  the  intermediary  in  conveying  the 
award  of  the  Council,  for  I  have  had  the  advantage  of  being  conducted  by  Professor 
Brogger  over  some  of  his  classic  ground  around  Christiama,  and  I  know  from  my 
own  experience  how  accurate  and  exhaustive  is  the  work :  how  courteous,  genial, 
and  helpful  the  man.  He  will,  I  trust,  receive  this  Medal,  bearing  the  liKeness 
and  the  name  of  one  of  the  great  masters  of  British  Geology,  who  was  also  a  pioneer 
in  the  geology  of  Norway,  as  a  pledge  of  our  esteem  and  sympath;^  with  him  in  the 
great  work  he  has  already  accomplished,  and  in  the  long  and  oriUiant  career  which 
ire  hope  is  still  in  store  for  him. 

Mr.  Tball,  in  reply,  read  the  following  communication  received  by  him  from 
Professor  Brogger : — ♦*  I  beg  to  express  my  hearty  gratitude  for  the  great  and  com- 
pletely unexpected  honour  conferred  upon  me  by  the  Council  of  the  Geological  Society 
111  the  award  of  the  Murchison  Medal. 

"The  Founder  of  this  Medal,  almost  half  a  century  ago,  classified  the  Silurian 
rocks  of  the  Christiania  district,  and  pointed  out  their  relations  to  the  corresponding 
strata  of  Great  Britain;  so  that,  if  the  subsequent  investigations  of  Norwegian 
geologists  have  furnished  results  of  interest  to  the  students  of  British  Geology,  this 
is  only  a  slight  repayment  of  an  old  debt. 

*'In  ancient  times  the  mountain-ranges  of  northern  Great  Britain  and  Norway 
were  probably  connected  and,  in  the  Quaternary  period,  the  Scandinavian  ice -sheet 
stretched  across  to  England  and  deposited  boulders  of  Norwegian  rocks,  some  of 
which  were  derived  from  the  Christiania  district.  Now,  in  recent  times  science  has 
rebuilt  the  bridges  which  formerly  connected  the  two  countries,  inhabited  by  closely 
related  peoples  of  the  Germanic  race. 

"  It  will  be  an  object  of  special  interest  to  me  to  contribute,  as  far  as  I  am  able, 
to  the  reconstruction  of  bonds  of  union  between  Great  Britain  and  Norway,  in 
grateful  remembrance  of  the  benefits  which  Norwegian  geologists  in  general,  and  I 
myself  in  particular,  have  derived  from  the  celebrat^  Geological  Society  of  London. 

'*  Allow  me,  in  conclusion,  to  express  the  great  satisfaction  I  feel  at  receiving  this 
honour  during  the  Presidency  of  so  eminent  a  geologist  as  Dr.  Archibald  Geikie, 
who  is  personally  acquainted  with  the  geology  of  Norway.'* 

The  President  then  presented  the  Lyell  Medal  to  Professor  T. 
McEenny  Hughes,  F.R.S.,  addressing  him  as  follows: — 

Professor  Hughes, — The  Lyell  Medal  has  this  year  been  adjudged  by  the  Council 
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to  you  in  appreciation  of  the  Talne  of  your  investigationfl  in  Tsrions  departments  of 
Geology,  especially  amonfj^  the  older  rocks.  Yonr  researches  in  Caernarvonshire  and 
Anglesey  formed  the  starting-point  of  those  later  inquiries  which  have  done  so  much 
to  clear  up  the  earlier  chapters  of  the  geological  history  of  Wales.  Ton  have  not 
confined  yourself,  however,  to  the  rocks  of  any  one  system  or  period,  but  have 
ranged  freely  from  the  Archaean  gneiss  to  raised  beach,  hovering  for  a  moment  hece 
and  resting  a  little  there,  generafiy  critical,  almost  always  suggestive,  and  with  that 
happy  faculty  of  enthusiasm  whicn,  reacting  on  younger  minds,  **  allures  to  older 
worlds,  and  leads  the  way." 

As  I  place  this  Medal  in  your  bands,  I  cannot  but  recall  the  days  of  our  early 
friendship,  now  faded  so  far  mto  the  dim  past  of  life,  when,  as  colleagues  in  the 
Geological  Survey,  we  used  to  attend  the  meetings  of  this  Society  in  Somerset  House, 
taking  seats  on  a  back  row  and  gazing  down  upon  the  magnates  of  the  science  seated 
beneath.  Little  did  either  of  us  dream  that  we  whirligig  of  time  would  eventually 
place  us  where  we  find  ourselves  to-day.  It  is  thus  no  small  gratification  to  me  to 
oe  called  upon  to  present  to  you  this  Medal,  which  will  not  only  serve  to  mark  the 
Society's  appreciation  of  your  work,  but  which  will  connect  you  by  another  link 
with  tne  memory  of  our  fnend  and  master,  Lyell. 

Prof.  HuoHBS,  in  reply,  said : — Mr.  President, — I  feel  that  I  have,  as  the  senior, 
been  selected  to  receive  this  high  recognition  of  the  work  being  carried  on  by  the 
Cambridge  School  of  Geolo|^.  I  have  not  myself  been  able  to  offer  much  to  the 
Society  of  late,  save  occasional  criticism,  but  my  colleagues,  Mr.  Marr  and  Mr. 
Harker,  Fellows  of  the  Society,  whose  opinious  are  regarded  each  year  with  increasing 
respect,  the  one  your  Secretary,  the  otner  on  your  Council,  have  from  time  to  time 
contributed  valuable  papers,  while  my  other  colleague,  Mr.  Roberts,  has  also  laid 
before  the  Society  the  results  of  important  original  observations  made  by  him.  The 
Society  knows  that  it  is  chiefly  to  the  lecture-room,  the  museum,  and  the  field-classes 
that  it  must  look  for  men  to  carry  on  its  work  in  the  future.  But  I  must  acknowledge 
in  this  respect  also  that  the  heaviest  work  has  fallen  upon  my  coUeagues.  Ther 
know,  however,  that  in  the  administration  of  the  Department,  and  directly  aiA 
indirectly  in  promoting  the  cause  of  Science,  I  help  as  far  as  I  can.  We  all  work 
well  together,  and  I  feel  that  they  will  rejoice  with  me  now,  will  help  to  carry  back 
the  Lyell  Medal  in  triumph  to  Cambridge,  and  will  join  with  me  in  offeriog  to  the 
Society  our  warmest  thanks  for  the  honour  that  has  been  done  us.  We  shaU  regard 
it  as  a  stimulus  to  follow  in  the  steps  of  the  great  teacher  whose  name  is  com- 
memorated on  the  Medal,  and  try  always  to  distinguish  clearly  between  what  is 
proved,  what  is  disproved,  and  what  remains,  however  plausible,  *'  not  proven.'* 

I  am  glad  that  it  has  fallen  to  my  lot  to  receive  this  honour  from  the  hands  of  an 
old  and  valued  friend,  upon  whom  nas  fallen  the  mantie  of  Lyell,  a  mantle  in  which 
the  warp  of  science  and  the  weft  of  literature  are  so  deftiy  interwoven. 

The  President  then  handed  the  Bigsby  Medal,  awarded  to  Dr.  G. 
M.  Dawson,  F.O.S.,  of  Ottawa,  to  Dr.  Hicks,  F.K.S.,  for  transmissioa 
to  the  recipient,  and  addressed  him  as  follows : — 

Dr.  Hicks,— In  asking  you  to  transmit  the  Bigsby  Medal  to  Dr.  George  H. 
Dawson,  I  request  you  to  convey  to  him  at  the  same  time  an  assurance  of  how  fully 
the  Council  appreciates  the  value  of  his  researches  into  the  geological  structure  of 
Canada,  and  how  cordially  we  hope  that  he  may  live  long  to  prosecute  the  explorations 
which  have  shed  so  much  lustre  on  the  Geological  Survey  of  his  native  country. 

Dr.  Hicks,  in  reply,  read  the  following  communication,  received  by  him  from. 
Dr.  Dawson: — "Mr.  President, — I  have  to  express  my' high  appreciation  of  the 
honour  which  you  and  the  Council  of  the  Geological  Socie^  have  conferred  upon 
me  in  the  award  of  the  Bigsby  Medal. 

*'  I  regret  that  my  official  duties  at  the  present  time  render  it  impossible  for  me  to 
be  present  in  person  at  the  Anniversary  Meeting  to  assure  the  Society  of  the  high 
est^m  in  which  I  hold  this  mark  of  recognition. 

"My  field  of  geological  work  has  laid  chiefiy  in  the  further  Western,  and  as  yet 
imperfectiy  known,  portions  of  the  Dominion  of  Canada,  and  much  of  the  work 
itself  has  been  of  an  exploratory  character,  and  only  occasionally,  and  then  to  a 
limited  extent,  precise  or  finished.  Work  of  this  class,  though  necessary  in  the 
first  instance,  and  possessed  of  the  special  interest  attaching  to  any  virgin  field, 
must  sufiier  by  comparison  with  that  obtained  in  the  investigation  of  amaUer  areas. 


Digitized  by  VjOOQIC 


Oeologieal  Society  of  London.  187 

and  canied  on  under  more  faToniable  conditioiiB.  It  is  thus  all  the  more  gratifyin; 
and  encourasing  to  me  that  such  results  as  I  hare  been  able  to  obtain  shoula  be 
deemed  worthy  of  the  recognition  of  the  Society. 

**  I  may  be  pardoned  for  alluding  to  the  fact  that  some  of  the  earliest  work  in 
Canadian  G^Iogy  is  due  to  the  penonal  efforts  of  the  distinguished  Founder  of  this 
Medal,  in  whose  Tery  footsteps  it  has  at  times  been  my  prinlege  to  follow.  This, 
with  the  pleasant  remembrance  of  adyantages  deriyed  in  former  years  from  personal 
intercourse  with  Dr.  Bigsby,  and  kindly  adnce  reoeiyed  from  him,  tend  to  enhance, 
if  possible,  the  sense  of  gratification  felt  by  me  in  leiumin^  that  my  name  has  been 
added  to  the  roll  of  those  considered  worthy  to  receiye  the  Bigsby  Medal." 

Id  presenting  the  Balance  of  the  WoUaston  Fund  to  Bichard 
Ljdekker,  Esq.,  B.A.,  F.G.S.,  the  President  said  :— 

Mr.  Lydekker, — The  Council  has  awarded  to  you  the  Proceeds  of  the  WoUaston 
Donation  Fund  in  recognition  of  the  yalue  of  your  numerous  contributions  to 
Vertebrate  Palaeontology.  We  trust  that  you  will  continue  these  inyestigatious 
and  that,  whether  they  appear  in  the  publications  of  this  Society  or  elsewhere,  the 
results,  like  those  which  naye  preceded  them,  may  tend  to  the  steady  adyancement 
of  our  fayouiite  science. 

Mr.  Lydbxkeb,  in  reply,  said: — Mr.  President, — The  particular  branch  of 
Palaeontology  to  which  my  own  studies  haye  been  more  especially  directed  is  one 
which,  from  its  nature,  is  so  beset  with  difficulties  that  it  is  yeiy  apt  to  lead  to 
miflgiTings  as  to  whether  any  real  good  results  from  its  pursuit.  The  assurance 
Gonyeyed  by  the  honour  that  the  Council  of  the  Society  has  conferred  upon  me,  that 
such  work  as  I  haye  been  able  to  do  is  not  unappreciated,  is  therefore  yery  gratifying. 

Although  circumstances  hare  rendered  it  almost  imperatiTo  that  I  should  devote 
my  time  to  literary  work  rather  than  to  original  scientinc  research,  yet  I  still  hope  to 
do  something  in  the  latter  field. 

Please  accept,  Sir,  on  behadf  of  the  Council,  my  thanks  for  the  mark  of  distinction 
that  they  haye  bestowed  upon  me. 

In  handing  the  Balance  of  the  Murchison  Geological  Fund 
(awarded  to  the  Bev.  Bichard  Baron,  F.L.S.,  F.O.S.,  of  Antanana* 
rivo)  to  Wm.  Topley,  Esq.,  F.B.S.,  for  transmission  to  the  recipient, 
the  President  said  : — 

Mr.  Topley, — I  haye  to  re<)uest  you  to  transmit  to  the  Bey.  B.  Baron  the  Balance 
of  the  Proceeds  of  the  Murchison  Geological  Fund,  in  testimony  of  the  interest  taken 
by  the  Council  in  the  geological  work  which,  amid  so  many  cuscouragements,  he  is 
carrying  on  in  Madagascar.  We  desire  him  to  accept  this  Award  as  a  mark  of  our 
hearty  sympathy  and  of  our  wish  to  aid  him  in  his  researches. 

Mr.  ToFLJBT,  in  reply,  said : — Mr.  President, — On  behalf  of  Mr.  Baron,  who  is 
now  in  Madagascar,  I  l>eg  to  thank  the  Council  and  yourself  for  the  honour  conferred 
upon  him  in  the  award  of  the  Murchison  Fund.  As  a  Missionary  in  an  area  as  yet 
but  little  known,  Mr.  Baron  has  exceptional  opportunities  for  ori^al  research,  and 
that  he  has  not  neglected  those  opportunities  Ib  evident  from  his  papers  already  read 
to  this  Society  and  to  the  Linnean  Society.  The  Award  now  made  will,  I  am  sure, 
be  an  incentive  to  further  work  in  a  most  promising  field  of  research. 

The  President  then  handed  one  half  of  the  Balance  of  the  Lyell 
Geological  Fund,  awarded  to  Dr.  C.  J.  Forsyth-Major,  of  Florence, 
to  Dr.  H.  Woodward,  F.B.S.,  for  transmission  to  the  recipient,  and 
addressed  him  as  follows : — 

Dr.  "Woodward, — In  requesting  you  to  transmit  to  Dr.  Forsyth-Major  one  moiety 
of  the  Balance  of  the  Lyell  Geological  Fund,  I  wish  to  express  the  Council's  appre- 
ciation of  his  researches  and  its  hope  that  he  will  continue  them.  He  has  done  much 
to  increase  our  knowledge  of  the  Pliocene  Mammalia  of  the  Yal  d'Amo,  and  he  has 
recently  extended  his  explorations  among  the  younger  Tertiary  deposits  of  the  Eastern 
Mediterranean. 

Dr.  "Woodward,  in  reply,  said :— Mr.  President, — On  behalf  of  Dr.  C.  J.  Forsyth- 
Major,  I  have  to  acknowledge  the  honour  conferred  upon  him  by  the  Council  of  this 
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Society  in  awarding  him  a  moiety  of  the  Lyell  Fund.  The  work  to  which  Dr. 
Forsyth-Major  has  devoted  his  life  so  entirely  accords  with  the  researches  and  labours 
of  Sit  Charles  Lyell  that  I  cannot  doubt  the  appropriateness  of  this  Award. 

Dr.  Forsyth-Major  has  devoted  many  years  to  the  elucidation  of  the  Pleistocene 
and  Pliocene  mammalian  faunas  of  the  Val  d'Amo  and  Northern  Italy,  and  his 
numerous  memoirs  attest  the  value  and  accuracy  of  his  work.  Lately  he  has  devoted 
two  ^ears  to  the  exploration  of  the  Pliocene  fauna  of  the  Island  of  Samos,  and  has 
obtamed  thence  two  very  important  collections  (at  present  only  partially  examined) — 
one  now  in  the  Geneva  Museum,  the  other  in  the  British  Museum  (Natural  History) , 
Cromwell  Road.  Among  these  are  a  large  number  of  forms  specifically  identical 
with  the  mammals  from  the  equivalent  deposits  of  Pikermi  in  Attica,  Baltavar  in 
Hungary,  and  Maragha  in  Persia ;  and  also  several  new  types  of  much  interest  as 
shovring  a  former  wider  distribution  for  existing  forms. 

It  is  Dr.  Forsyth- Major's  hope  to  spend  the  early  summer  months  in  London,  to 
complete  his  descriptions  of  these  fossu  remains,  which  your  Award  will  doubtless 
assist  him  in  doing. 

He  writes  as  foUows : — "  Would  you  kindly  transmit  to  the  President  and  Council 
of  the  Geological  Society  my  grateful  acknowledgments  of  the  honour  conferred 
upon  me,  which  I  value  so  much  the  more  as  coming  from  a  scientific  body  of  my 
own  country,  to  which,  owing  to  the  fact  that  my  nimily  resides  abroad,  I  have 
become  nearly  a  stranger. 

"  If  I  rightly  understand  the  intention  of  the  Council,  this  Award  is  given  less 
as  a  mark  of  their  approval  of  what  I  have  already  done  than  as  an  incentive  to 
future  labours. 

"In  my  palseontological  work  I  have  striven  to foUow  the  example  of  one  of  the 
masters  of  our  science,  the  late  Dr.  Hugh  Falconer,  devoting  myself  more  to  the 
collecting  of  facts  and  observations  than  to  their  speedy  publication.  This  reserve 
seems  to  be  imposed  upon  us  even  more  in  our  day  than  in  that  of  Dr.  Falconer's.'* 

In  presenting  the  other  half  of  the  Balance  of  the  Lyell  Geological 
Fund  to  G.  W.  Lamplugh,  Esq.,  F.G.S.,  the  President  addressed 
bim  as  follows :  — 

Mr.  Lamplugh, — The  Council,  in  awarding  to  you  one-half  of  the  Proceeds  of  the 
Lyell  Geological  Fund,  desires  to  assure  you  of  the  estimation  in  which  it  holds 
your  work,  and  of  the  pleasure  it  will  derive  from  their  further  prosecution.  Your 
researches  among  the  Glacial  deposits  of  Yorkshire  have  been  followed  with  much 
interest,  and  we  have  rejoiced  in  the  enthusiasm  which  not  only  carried  you  through 
these  labours  at  home,  but  which  impelled  you  to  seek  the  solution  of  some  of  your 
difficulties  by  journeying  to  the  far  distant  shores  of  British  Columbia.  Your 
investigation  of  the  Speeton  Clay  affords  a  striking  example  of  how  our  knowledge 
may  be  corrected  and  extended  by  the  patient  labours  of  an  observer  resident  on  the 
spot  which  he  has  to  examine.  I  hope  you  will  accept  this  Award  with  the  best 
wishes  of  the  Council  and  of  the  Society. 

Mr.  Lamplugh,  in  reply,  said: — Mr.  President, — ^That  I  should  have  been 
selected  by  the  Council  to  receive  this  Award  affords  me  the  greatest  encouragement, 
since  it  comes  to  me  as  a  token  that  my  geological  work,  in  spite  of  its  narrow  and 
local  character,  has  after  all  a  certain  value. 

It  is  scarcely  possible  that  any  one  who  has  any  sympathy  whatever  with  Nature 
should  spend  much  time  on  the  Yorkshire  coast  without  becoming  more  or  less  of  a 
geologist,  and  for  my  own  part  I  drifted  almost  unconsciously  into  these  studies  in 
my  boyhood,  and  have  ever  since  found  therein  my  happiest  and  healthiest  recreation. 
My  pleasure  in  them  is  now  redoubled  by  this  proof  that  the  time  so  happily  spent 
has  also  been  spent  usefully. 

I  thank  you,  and  hope  that,  as  a  coastguard  in  the  service  of  science,  I  ma^  still 
occasionally  be  able  to  send  to  headquarters  reports  which  may  contain  some  items 
of  interest. 

The  President  proceeded  to  read  his  Anniversary  Address,  in  which 
he  first  gave  Obituary  Notices  of  several  Fellows,  Foreign  Members, 
and  Foreign  Correspondents  deceased  since  the  last  Annual  Meeting;, 
including  the  late   Foreign   Secretary  Sir  Warington  W.  Smyth, 
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the  late  AssiBtant-Secretary  Mr.  W.  S.  Dallas,  M.  Edmond  Hubert 
and  M.  Alphonse  Favre  (Foreign  Members,  both  elected  in  1874), 
Mr.  Wm.  Davies,  Mr.  Bobert  Wm.  Mylne,  Mr.  Samael  Beckles,  Dr. 
H.  B.  Brady,  Mr.  Samuel  Adamson,  and  Prof.  Antonio  Stoppani 
(Foreign  Correspondent,  elected  in  1889). 

He  then  dealt  with  the  history  of  volcanic  action  in  Britain  daring 
the  earlier  ages  of  geological  time.  He  proposed  to  confine  the 
term  "  Archaean "  to  the  most  ancient  gneisses  and  their  accompani- 
ments, and  showed  that  these  rocks,  so  far  as  we  know  them  in  this 
country,  are  essentially  of  eruptive  origin,  though  no  trace  has  yet 
been  found  of  the  original  discharge  of  any  portion  of  them  at  the 
surface.  Passing  to  the  younger  crystalline  schists,  which  he  classes 
under  the  term  '*  Dalradian,"  he  pointed  to  the  evidence  of  included 
volcanic  products  in  them  throughout  the  Central  Highlands  of 
Scotland  and  the  North  of  Ireland.  The  Uriconian  series  of  Dr. 
Callaway  he  regarded  as  a  volcanic  group,  probably  much  older 
than  the  recognized  fossiliferous  Cambrian  rocks  of  this  country. 
The  Cambrian  system  he  showed  to  be  eminently  marked  by  con- 
temporaneous volcanic  materials,  and  he  discussed  at  some  length 
the  so-called  pre-Cambrian  rocks  of  North  Wales.  He  reviewed 
the  successive  phases  of  eruptivity  during  the  Arenig  and  Bala 
periods,  and  described  the  extraordinary  group  of  volcanoes  in 
Northern  Anglesey  during  the  latter  time.  The  volcanoes  of  the 
Lake  District  were  next  treated  of,  and  reference  was  made  of  the 
recent  discovery  by  the  Geological  Survey  that  an  important  volcanic 
group  underlies  most  of  the  visible  Lower- Silurian  rocks  in  the 
South  of  Scotland.  The  last  portion  of  the  Address  was  devoted  to 
an  account  of  the  volcanoes  of  Silurian  time  in  Ireland,  and  it  was 
shown  that  during  the  Bala  period  a  chain  of  submarine  volcanic 
vents  existed  along  the  east  of  Ireland  from  County  Down  to  beyond 
the  shores  of  Waterford ;  while  in  Upper-Silurian  time  there  were 
at  least  two  active  centres  of  eruption  in  the  extreme  west  of  Kerry 
and  in  Mayo. 

The  Ballot  for  the  Council  and  Officers  was  taken,  and  the  following  were  dnly 
elected  for  the  ensuing  year :— Council:  Prof.  J.  F.  Blake,  M.A. ;  W.  T.  Blanford, 
LL.D.,  F.R.S.;  Prof.  T.  G.  Bonney,  D.Sc,  LL.D.,  F.R.S.;  James  Carter,  Esq.; 
James  W.  Davis,  Esq.,  F.L.S.,  F.S.A. ;  John  Evans,  D.C.L.,  LL.D.,  F.R.S.; 
L.  Fletcher,  Esq.,  M.A,,  F.R.S. ;  C.  Le  Neve  Foster,  D.  Sc,  B.A. ;  A.  Geikie, 
LL.D.,  F.R.S. ;  A.  Harker,  Esq.,  M.A. ;  J.  C.  Hawkshaw,  Esq.,  M.A. ;  H. 
Hicks,  M.D.,  F.R.S. ;  G.  J. Hinde,  PhD. ;  W.  H.  Hudleston,  Esq.,  M.A.,  F.R.S.; 
Prof.  T.  McKenny  Hughes,  M.A.,  F.R.S. ;  J.  W.  Hulke,  Esq.,  F.R.S. ;  J.  E. 
Marr,  Esq.,  M.A. ;  H.  W.  Monckton,  Esq. ;  F.  W.  Rudler,  Esq.  ;  J.  J.  H.  Teall, 
Esq.,  M.A.,  F.R,S. ;  W.  Topley,  Esq.,  F.R.S ;  Prof.  T.  Wiltshire,  M.A.,  F.L.8. ; 
H.  Woodward,  LL.D.,  F.R.S. 

OvvicjtBB.— President:  A.  Geikie,  LL.D.,  F.R.S.  Vice-Presidents:  W.  T. 
Blanford,  LL.D.,  F.R.S.  ;  Professor  T.  G.  Bonney,  D.Sc,  LL.D.,  F.R.S. ;  L. 
Fletcher,  Esq.,  M.A.,  F.R.S. ;  W.  H.  Hudleston,  Esq.,  M.A.,  F.R.S.  Secretaries: 
H.  Hicks,  M.D.,  F.R.S.;  J.  E.  Marr,  Esq.,  M.A.  Foreign  Secretary:  J.  W. 
Hulke,  Em}.,  F.R.S.     Treasurer :  Prot  T.  Wiltshire,  M.A..  F.L.S. 
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» 
THE  SAIGA  ANTELOPE  IN  BRITAIN. 
Sib, — In  the  February  Number  of  the  Gboloqical  Magazise,  p.  94, 
18  a  notice  of  the  discovery  of  the  horns  of  the  Saiga  Antelope  in 
the  Thames  Gravels  at  Twickenham.  An  earlier  discovery  was, 
however,  made  some  years  ago  of  this  northern  animal  by  the  late 
Mr.  K.  W«  Mylne.  The  specimens,  which  consisted  of  two  horn-corefl» 
were  shown  by  him  to  me,  and  I  submitted  them  to  Mr.  G.  Busk, 
who  pronounced  them  to  belong  to  the  Saiga  Antelope.  Unfortunately 
Mr.  Mylne  could  not  say  where  they  came  from.  He  thought  from 
the  neighbourhood  of  Bedford,  and  said  he  would  make  further 
inquiries.  Those  inquiries  must  have  failed  to  elicit  anything 
further,  waiting  for  which  has  been  the  reason  of  this  long  delay  la 
making  the  announcement — a  reason  now  removed  by  the  discovery 
of  this  new  locality  and  the  certainty  of  British  origin. 

Joseph  Pbbstwioh. 


♦ 
The  Faljsontolooigal  Work  of  the  late  Willtam  Da  vies,  F.G.S. 

IN  Mr.  William  Da  vies,  whose  death  we  regretted  to  have  to  record 
last  month,^  another  link  between  the  present  school  and  the 
pioneers  in  British  Vertebrate  Palseontology  has  been  severed.  His 
official  connexion  with  the  British  Museum  placed  him  in  the  midst 
of  a  circle  which  included  Mantell,  Owen,  Falconer,  Agassiz,  Egerton, 
Hugh  Miller,  and  others,  at  a  time  when  they  were  actively  engaged 
in  prosecuting  those  researches  which  form  the  basis  of  subsequent 
investigation.  His  mind,  already  imbued  with  the  scientific  method 
and  deeply  interested  in  the  problems  of  Natural  History,  was  soon 
permanently  influenced  by  such  associations ;  and  the  result  was 
a  keenness  of  perception  in  the  determination  of  fragmentary  remains 
of  Yertebrata  that  has  rarely  been  surpassed.  In  this  manner  Mr. 
Da  vies  not  only  became  a  trusted  ally  and  adviser  of  the  old  school 
of  investigators,  but  also  proved  himself  one  of  the  best  of  helpers 
to  the  later  generations  that  have  succeeded.  There  are  few  workers 
of  the  last  three  decades  in  Vertebrate  Palaeontology  who  have  not 
been  indebted  to  Mr.  Davies  at  some  time  for  advice  in  difficult 
problems,  and  there  are  many  who  owe  much  to  his  kindly  manner 
and  the  influence  of  his  enthusiasm. 

In  his  influence  upon  others,  indeed,  and  in  the  remarkable  skill 
with  which  he  was  able  to  preserve  and  mount  even  the  most  un- 
promising fossils,  lay  Mr.  Davies'  chief  power  as  a  factor  in  the 
progress  of  Palaeontology.  Wanting  the  literary  training  which  it 
was  difficult  for  any  but  the  rich  to  obtain  during  his  early  years, 
he  usually  avoided  the  laborious  task  of  writing  an  account  of  his 
work  in  a  suitable  form  for  publication.  His  discoveries  and  con- 
clusions were  always  at  the  service  of  those  who  could  make  best 
use  of  them ;  and  he  was  never  in  a  happier  mood  than  when 
^  See  Geological  Maoazikb,  March,  1891,  p.  144. 
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Bbowing  the  latest  noveltiefl  in  the  British  Masenm  to  those  who 
conld  appreciate  them  and  publish  the  new  facts  in  a  form  that 
"would  tend  to  the  advancement  of  knowledge.  From  1865  onwards, 
however,  Mr.  Da  vies  was  an  occasional  contributor  to  the  Gbolooi- 
CAL  Maoazinb  ;  and  in  1886  he  added  a  short  description  of  the 
Vertebrate  fossils  to  Dr.  Henry  Hicks'  paper  on  the  caves  of  the 
Vale  of  Clwyd  in  the  Quarterly  Journal  of  the  Geological  Society. 
Apart  from  incidental  observations  and  letters,  these  contributions 
may  be  enumerated  as  follows : — 

1866.  On  the  Preseryation  of  Fossil  Mammalian  Semains  fonnd  in  Tertiary  Deposits, 
Gbol.  Mao.  Vol.  II.  pp.  239,  240. 

1871.  Alphabetical  Catalogue  of  Type  Spedmens  of  Fossil  Fishes  in  the  British 

Museum,  ibid.  Vol.  VIII.  pp.  208-216,  334. 

1872.  On  the  Eostral  Ptolongatious  of  Squaloraia  poly8pondyla,  Ag.,  ibid.  Vol.  IX. 

pp.  145-150,  PI.  IV. 

1874.  (With  H.  Woodward.)  Notes  on  the  PleLstocene  Deposits  yielding  Mam- 
malian Remains  in  the  Vicinity  of  Ilford,  Essex,  iHd.  Dec.  II.  Vol.  L 
pp.  390-398. 

1876.  On  the  Exhumation  and  Deyelopment  of  a  large  Beptile  {OmoBaurus  armatus, 
Owen),  from  the  Eimmeridge  Clay,  Swindon,  ibid.  Dec.  II.  Vol.  III. 
pp.  19^-197,  Pis.  VII.  Vin. 

1878.  On  a  Collection  of  Pleistocene  Mammals  Dredged  off  the  Eastern  Coast,  ibid, 
Dec.  II.  Vol.  V.  pp.  97-100. 

1878.  On  the  Nomenclature  of  Saurocephalus  laneiformit  of  the  British  Cretaceous 

Deposits;  with  Description  of  a  New  Species  {8,  Woodwardii),  ibid,  Dec.  II. 
Vol.  V.  pp.  254-261,  PI.  VIII. 

1879.  On  some  Fish  Exuri®  from  the  Chalk,  generally  referred  to  Dereetis  elongatua, 

Ag. ;  and  on  a  New  Species  of  Fossil  Annehde,  TertbeUa  Zewetimsis,  ibid. 
Dec.  II.  Vol.  VI.  pp.  146-148. 

1879.  On  some  Recently  DiscoTered  Teeth  of  Otfibos  motehaiuB  from  Crayford,  Kent, 

ibid,  Dec.  II.  Vol.  VI.  pp.  246-248. 

1880.  On  some  Fossil  Bird-Remains  from  the  Siwalik  Hills  in  the  British  Museum, 

ibid,  Dec.  II.  Vol.  VII.  pp.  18-27,  PL  II. 
1880.  On  some  Bones  of  the  Lynx  irom  Teesdale,  obtained  by  Mr.  James  Backhouse, 

of  York,  ibid.  Dec.  II.  Vol.  VII.  pp.  846-349,  Pis.  XI.  XII. 
1884.  Note  on  Remains  of  the  Emu  from  tne  Wellington  Cayes,  New  South  Wales, 

ibid.  Dec.  III.  Vol.  I.  p.  265. 
1884.  Note  on  some  New  Camiyores  from  the  British  Eocene  Formatious,  ibid. 

Dec.  III.  Vol.  I.  pp.  433-438,  PI.  XIV. 

1886.  Note  on  the  Animal  Remains  from  some  Bone-Cayes  in  North  Wales  (Ffynnon 

Beuno  and  Cae  Gwyn),  Quart  Jouzn.  Oeol.  Soc.  yol.  xUi.  pp.  17-19. 

1887.  On  New  Species  of  Fholidopkontt  from  the  Purbeck  BeoB  of  Dorsetshire, 

Gbol.  Mao.  Dec.  III.  Vol.  IV.  pp.  387-339,  PI.  X. 

Mr.  Davies'  long  association  with  Sir  Antonio  Brady  in  recovering 
the  remains  of  fossil  Mammalia  from  the  brick-fields  near  Ilford, 
resulted  in  1874  in  the  publication  of ''A  Catalogue  of  the  Pleisto- 
cene Vertebrata  in  the  Collection  of  Sir  Antonio  Brady,"  which  is 
of  great  value  on  acoount  of  its  well-known  accuracy.  This  was 
the  only  separate  publication  he  undertook  as  author,  though  by 
no  means  the  only  one  in  the  preparation  of  which  he  played  an 
important  part.  In  Fossil  Fishes,  Prof.  L.  G.  de  Eoninck  acknow- 
ledges Mr.  Davies*  important  aid  when  preparing  the  first  part  of 
the  "  Faune  Calc.  Carbonif.  Belgique  " ;  and  the  author  of  the  first 
two  volumes  of  the  British  Museum  Catalogue  of  Fossil  Fishes 
expresses  his  indebtedness  to  Mr.  Davies,  not  only  for  much  advice, 
but  also  for  his  revision  of  the  whole  of  the  proof-sheets.    Notwith- 
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standing  his  previous  retirement  from  active  service,  Mr.  Daviea 
also  undertook  the  revision  of  the  proofs  of  the  British  Museum 
Catalogue  of  Fossil  Reptiles.  As  Sir  Richard  Owen  remarks,  the 
discovery  of  the  cranium  of  Dasomis  was  due  to  Mr.  Davies,  who 
recognized  it  among  some  fish-remains  from  the  London  Clay ;  and 
to  the  skilled  manipulation  of  the  same  observer  we  are  indebted 
for  the  well-displayed  jaws  of  Odontopteryx.  Prof.  Leith  Adams 
was  in  continual  communication  and  consultation  with  Mr.  Da  vies 
while  preparing  his  Memoir  on  British  Fossil  Elephants,  of  the 
dentition  of  which  our  lamented  friend  had  unrivalled  knowledge ; 
and  the  British  Museum  Catalogue  of  Fossil  Mammalia  owes  much, 
of  its  value  as  a  record  of  the  history  of  specimens  to  its  careful 
revision  by  the  same  hand.  Only  a  little  more  than  a  year  ago, 
Mr.  Da  vies  entered  with  his  usual  enthusiasm  upon  the  reading  of 
the  proofs  of  Messrs.  Woodward  and  Sherborn's  "Catalogue  of 
British  Fossil  Vertebrata,"  to  which  he  made  important  contribu- 
tions; and  several  of  his  letters,  containing  information  of  much, 
historical  value  in  reference  to  literature  and  specimens,  are  now- 
preserved  in  a  bound  volume  in  the  Oeological  Library  of  the 
British  Museum. 

Apart  from  all  literary  work,  however,  Mr.  William  Davies  leaves 
some  enduring  monuments  in  the  British  Museum.  The  great  bead 
of  the  Ilford  Mammoth  was  rescued  from  destruction  entirely  by 
his  skill  in  the  disinterment  of  such  remains ;  and  the  same  remark 
applies  to  many  of  the  unique  gems  in  the  Brady  Collection.  The 
bones  of  the  huge  Omosaurus  from  the  Kimmeridge  Clay  of  Swindon 
were  extricated  from  a  diflScult  matrix,  or  built  up  from  apparently 
worthless  fragments,  in  part  by  his  own  hand,  in  part  under  his 
direction.  Hyperodapedon — one  of  the  latest  acquisitions — was 
worked  out  by  the  masons  under  the  same  supervision ;  and  Mr. 
Davies  played  no  unimportant  part  in  superintending  the  extrication 
from  the  matrix  of  some  of  the  finest  examples  of  Siwalik  Mammals 
and  South  African  Reptiles.  FalsBontology  has,  indeed,  lost  a 
master-hand,  A.  S.  W. 


DS^IS0JE3XiXi^25rJE3OTrS. 

The  Intebnatiomal  Geological  Congress, 
Wabhinotok,  26th  August,  1891. 
The  negociations  respecting  the  proposed  change  in  the  date  and 
locality  of  the  next  meeting  of  the  International  Greological  Congress 
were  at  length  brought  to  a  conclusion  by  the  American  Organizing 
Committee.  It  has  now  been  decided  that  the  Congress  shall  be 
held  in  Washington  during  the  week  commencing  Wednesday  26th 
August,  1891.  Sub-committees  have  been  formed  to  arrange  for  the 
scientific  business,  the  long  excursions,  the  local  arrangementa, 
and  for  the  nomination  of  officers.  A  circular  has  been  issued 
announcing  the  proposed  arrangements,  and  cordially  inviting  all 
Geologists  to  take  part  in  the  labours  of  the  Congress. 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


Geol.  Mag.  1891. 


Decade  III.  Vol.  VIII.  Pl.  V. 


To  illustrate  Prof.  O.  C.  Marsh's   second  paper  on  Triceraiops,  from  the  Upper 

Cretaceous  of  North  America. 

(For  Part  I.  see  Gbol.  Mao.  1890,  p.  i,  PI.  I.) 
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L — Ths    Gioahtio    Cxratopbidji,    ob    Hobnbd    Dinosaubs,    or 

North  Amkrioa.^ 

(PAET  II.) 

By  Ptof.  0.  G.  Mabsh,  Ph.D.,  LL.D.,  F.O.S.,  etc. 

(PLATES    IV.*  AND  V.) 

TWO  years  ago  at  the  Bath  Meeting  of  the  British  Assooiation,  I 
had  the  honour  to  present  a  paper  in  which  I  compared  the 
principal  known  Dinosaurs  of  Europe  with  those  of  America.'  In 
this  communication  I  referred  to  some  peculiar  reptilian  remains 
from  the  Gosau  formation  of  Austria,  and  compared  them  with 
oertain  Laramie  fossils  from  America,  ahout  which  I  hoped  soon  to 
have  more  definite  information.  As  an  indication  of  the  rapidity 
with  which  knowledge  of  ancient  life  is  advancing,  it  may  be 
interesting  to  know  what  has  been  learned  in  two  years  concerning 
this  single  group  of  the  remarkable  reptiles  known  as  Dino%auria. 
This  group  I  have  termed  the  Ceratopnda,  and  I  shall  refer 
especially  to  the  forms  I  have  recently  investigated,  and  hope  to 
describe  more  fully  later  on,  under  the  auspices  of  the  United  States 
Geological  Survey. 

The  geological  horizon  of  the  Oeratopsida  in  America  is  a  distinct 
one  in  the  Upper  Cretaceous,  and  has  now  been  traced  nearly  eight 
hundred  miles  along  the  eastern  flank  of  the  Rocky  Mountains.  It 
is  marked  almost  everywhere  by  remains  of  these  reptiles ;  hence 
I  have  called  the  strata  containing  them  the  Ceratops  beds.  They 
are  fresh-water  or  brackish  deposits,  which  form  a  part  of  the 
so-called  Laramie,  but  are  below  the  uppermost  beds  referred  to 
that  group. 

The  fossils  associated  with  the  Geratopsida  are  mainly  Dinosaurs, 
representing  two  or  three  orders,  and  several  families.  Plesiosaurs, 
Crocodiles,  and  Turtles  of  Cretaceous  types,  and  many  smaller 
reptiles,  have  left  their  remains  in  the  same  deposits.  Numerous 
small  mammals,  also  of  ancient  types,  a  few  birds,  and  many  fishes, 

*  Bead  before  Section  C  of  the  Britisli  Association  for  the  Advancement  of  Science, 
tt  the  Leeds  Meeting,  September  4, 1890.  See  also  American  Journal  of  Science  (3^, 
Tol.  xxxtI.  p.  477,  December,  1888 ;  yol.  xxzyii.  p.  334,  April,  1889;  yoI.  xzxviii, 
p.  173,  August,  1889,  p.  601.  December,  1889 ;  and  vol.  izxix.  p.  81,  January, 
1890,  p.  418,  May,  1890.        '  For  Plate  lY.  see  the  April  Number  Gbol.  Mao. 

'  Report  of  the  British  Association  for  the  Advancement  of  Science  for  1888, 
p.  660.  London.  1889.  Abstract,  American  Journal  (3),  vol.  xxxvii.  p.  823, 
April,  1889.    See  also  Gbol.  Mao.  1890,  pp.  1-6,  and  Fl.  I. 
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are  likewise  entombed  in  this  formation.  Invertebrate  fossils  and 
plants  are  not  uncommon  in  the  same  horizon. 

The  Skull  of  one  species  was  described  and  illustrated  in  the 
Geological  Magazine  for  1890  (Dec.  III.  Vol.  VII.  PL  I.  pp.  1-5), 
to  which  it  will  be  sufficient  to  refer  the  reader.  But  the  following 
notes,  supplementary  thereto,  form  part  of  the  paper  which  ap- 
peared in  the  "American  Journal  of  Science"  for  February,  1891. 
Additional  figures  of  the  skull  have  since  been  prepared  and  are 
given  in  Plates  *  IV.  and  V. 

In  the  figures  of  Triceraiaps  flahellatus  (see  Geol.  Mag.  1890, 
PL  I.  Figs.  1,  2),  it  was  pointed  out  that  the  rostral  bone  was  free 
and  was  not  secured  {op.  eit  p.  2),  but,  in  another  skull,  represented 
in  PL  IV.  Figs.  2,  3,  4,  and  5,  the  rostral  bone  and  nasal  hom-oore 
are  in  position,  and  firmly  coossified  with  the  adjoining  elements. 

The  frontal  bones  are  quite  short,  and  early  unite  with  each  other 
and  with  the  adjoining  elements,  especially  those  behind  them, 
llie  frontal  or  central  region  of  the  skull  is  thus  greatly  strengthened 
to  support  the  enormous  horn-cores  which  tower  above.  These 
elevations  rest  mainly  on  the  post-frontal  bones,  but  the  supra- 
orbitals and  the  post-orbitals  are  also  absorbed  to  form  a  solid 
foundation  for  the  horn-cores.  These  horn-cores  are  hollow  at  the 
hane  (see  PL  V.  Fig.  1),  and  in  general  form,  position,  and  external 
texture  agree  with  the  corresponding  parts  of  the  Bovidae, 

The  post-frontal  bones  are  very  large,  and  meet  each  other  on  the 
median  line.  Posteriorly  they  join  the  squamosals  and  the  parietala. 
At  their  union  with  the  latter  there  is  a  median  foramen  (PI.  V. 
Fig.  1,2b),  which  apparently  corresponds  to  the  so-called  "parietal 
foramen."  ' 

In  old  individuals  it  is  nearly  or  quite  closed.  When  open,  it 
leads  into  a  large  sinus,  extending  above  the  brain-case  into  the 
cavities  of  the  horn-cores.  This  foramen  has  not  before  been 
observed  in  Dinosaurs. 

llie  palatine  bones  are  much  smaller  than  the  pterygoids.  They 
are  vertical,  curved  plates,  outside  and  in  front  of  the  pterygoids, 
and  uniting  firmly  with  the  maxillaries.  The  vomers  join  the 
pterygoids  in  front,  where  they  appear  as  thin  bones,  closely  applied 
to  each  other. 

The  transverse  bones  give  some  support  to  the  maxillaries,  which 
are  further  strengthened  by  close  union  with  the  pterygoids.  They 
meet  the  pterygoids  behind,  and  the  palatines  in  front. 

The  Brain. — The  brain  of  Triceratops  appears  to  have  been 
smaller  in  proportion  to  the  entire  skull  than  in  any  known 
Vertebrate. 

The  position  of  the  brain  in  the  skull  does  not  correspond  to  the 
axis  of  the  latter,  the  front  being  elevated  at  an  angle  of  about 
thirty  degrees  (Plate  V.  Fig.  2). 

1  Plate  lY.  appeared  in  the  April  Number,  1891 ;  Plate  V.  is  in  the  present 
Number. 

*  The  name  usually  applied  to  this  aperture  is  misleading,  as  in  ChameUo  and 
some  other  reptiles  the  foramen  is  not  in  or  near  the  pariet^  bones.  It  may  more 
properly  be  called  the  *'  pineal  foramen." 
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The  brain-case  is  well  ossified  in  front,  and  in  old  animals  there 
is  a  strong  septum  separating  the  olfactory  lobes. 

Tkbth  of  Tuiokratops. — The  teeth  of  Triceratops  and  its  near 
allies  are  very  remarkable  in  having  two  distinct  roots.  This  is 
true  of  both  the  upper  and  lower  series.  These  roots  are  placed 
transversely  in  the  jaw,  and  there  is  a  separate  cavity,  more  or  less 
distinct,  for  each  of  them.  One  of  these  teeth  from  the  upper  jaw, 
represented  by  figures  of  the  natural  size  (Plate. V.  Figs.  3-6),  are 
typical  of  the  group. 

The  teeth  form  a  single  series  only  in  each  jaw.  The  upper  and 
lower  teeth  are  similar,  but  the  grinding  face  is  reversed,  being  on 
the  inner  side  of  the  upper  series,  and  on  the  outer  side  of  the  lower 
series.  The  sculptured  surface  in  each  series  is  on  the  opposite  side 
from  that  in  use. 

The  teeth  are  not  displaced  vertically  by  their  successors,  but 
from  the  side.  The  crown  of  the  young  tooth,  also  with  two  strong 
roots,  cuts  its  way  between  the  alveolar  margin  and  the  adjacent 
root  of  the  old  tooth,  sometimea  advancing  between  the  two  roots, 
as  might  be  expected. 

The  teeth  in  this  family  are  entirely  confined  to  the  maxillary 
and  dentary  bones.  The  rostral  bone,  the  premaxillaries,  and  the 
pre-dentary,  are  entirely  edentulous. 

Ckbvigal  and  Dorsal  Vertebra. — The  atlas  and  axis  of  Tricera- 
iops  are  coossified  with  each  other,  and  at  least  one  other  vertehra 
is  firmly  united  with  them  (Woodcut,  Fig.  1).  These  form  a  solid 
mass,  well  adapted  to  support  the  enormous  head.  The  cup  for  the 
occipital  condyle  is  nearly  round,  and  very  deep.  The  rib  of  the 
Becond  vertebra  is  codssified  with  it,  but  the  third  is  usually  free. 
Tlie  centrum  of  the  fourth  vertebra  is  free,  and  the  remaining 
oervicals  are  of  the  same  general  form,  all  having  their  articular 
faces  nearly  flat  (Woodcut,  Fig.  2). 

2.  1. 


s' 


Pig.  1. — Anterior  cervical  yertebr©  of  Trieeratops  porosuty  Marsh ;  side  view. 
Fio.  2. — Fourth  cervical  vertebra  of  same  series ;  back  view. 

a.  anterior  face  of  atlas ;  d.  diapophysis ;  n.  neural  canal ;  p.  posterior  face 
of  fourth  vertebra ;  r.  rib ;  s.  neural  spine  of  axis ;  «'.  neural  spine  of  third 
vertebra ;  «".  neural  spine  of  fourth  vertebra ;  c'.  posterior  zygapophysis. 

The  anterior  dorsal  vertebrsB  have  very  short  centra,  with  flat 
articular  ends,  and  resemble  somewhat  those  of  Stegosaurus,  especially 
in  the  neural  arch  (Woodcut,  Figs.  3-4). 
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The  posterior  trunk  vertebrea  have  also  short,  flat  centra,  but  the 
diapophjses  have  faces  for  both  the  head  and  tubercle  of  the  ribs, 
as  in  Crocodiles,  a  feature  not  before  seen  in  Dinosaurs  (Woodcat, 
Figs.  5-6). 


8.  4. 


Fio.  3. — Anterior  dorsal  yertebra  of  T.  porosua  (side  view). 
Fio.  4. — ^The  same  rertebra  (front  view). 


Fio.  5. — Posterior  dorsal  vertebra  of  same  species  (side  view). 
Fig.  6. — The  same  vertebra  (front  view). 

The  Sacrum. — The  sacrum  was  strengthened  by  union  of  several 
TortebrsB^ten  being  coossified  in  one  specimen  of  Triceratop»  (Woodcut, 
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Fig.  7.-^  Sacrum  of  Triceratops  poroms^  Marsh, 

(Seen  from  below,  one^ighth  natural  aise.) 

a,  anterior  face  of  first  lacral  vertebra ;  >.  posterior  face  of  last  sacral  vertebra ; 

«.  nearal  spine  of  last  vertebra ;  s.  anterior  zygapophysis  of  first  vertebra ; 

z— lo,  transverse  processes  left  side. 
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Fig.  7).  The  mi^idle  or  true  Bacral  vertebrae  have  double  transverse 
processes,  diapuphjses  being  present,  and  aiding  in  supporting  the 
ilium.  This  character  has  been  seen  hitherto,  in  the  Dinosauria^ 
only  in  Ceratosaurus  and  some  other  Theropoda, 

The  main  support  of  the  pelvis  was  borne  by  four  vertebra, 
which  evidently  constituted  the  original  sacrum.  In  front  of  these, 
two  others  have  only  simple  processes,  and  apparently  were  once 
dorsals  or  lumbars.  Three  vertebrae  next  behind  the  true  sacrum, 
have  also  single  processes,  and  the  fourth,  or  last  of  the  series,  has 
the  rib  process  weak,  and  not  reaching  the  ilium  (Woodcut,  Fig.  7). 
Seen  from  the  side,  the  sacrum  is  much  arched  upward,  and  the 
neural  spines  of  the  true  sacrum  are  firmly  coossified.  In  the 
median  region,  the  sacral  vertebrae  have  their  centra  much  com- 
pressed, but  the  last  of  the  series  are  widely  expanded  transversely. 
The  whole  appearance  of  the  sacrum  is  remarkably  avian.  The 
neural  canal  of  the  sacral  vertebras  has  no  special  enlargement,  thus 
differing  widely  from  that  in  Stegosaurus. 

The  Caudal  Vertebra. — The  caudal  vertebrae  are  short,  and  the 
tail  was  of  moderate  length.  The  first  caudal  has  the  anterior  face 
of  the  centrum  concave  vertically,  but  flat  transversely,  and  a  short, 
massive  neural  spine  with  expanded  summit  (Woodcut  Figs.  8-10). 


Fio.  8. — First  caudal  yertebra  of  Triceratops prorauSf  Marsh;  side  riew. 
Fios.  9,  10.— Front  and  back  views  of  same  vertebra. 


Fio.  11. — Median  candal  of  same  species,  side  view. 
Fi08.  12,  13. — Front  and  back  views  of  same  vertebrse. 

a,  anterior  face  of  centrum ;  e.  face  for  chevron ;  fi.  neural  canal ; 

p,  posterior  face  of  centrum ;  r.  rib ;  s.  neutral  spine ;  s.  anterior 

zygapophysis ;  s'.  posterior  zygapophysis. 
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In  the  median  caudals  the  centra  have  bioonoaye  articular  faces, 
and  weak  nearal  8pine&  The  distal  caudals  are  longer  than  wide, 
with  the  ends  nearly  round  and  concave. 

14  16  16 


m 


Fig.  14. — More  distal  caudal  of  name  species  ;  side  view. 
Fio8. 15, 16. — Front  and  bottom  views  of  same  yertebra. 

17  18  10 

O     ^     0 

FioB.  17-19.— Distal  caudal  of   same  species;    side,  front,  and  bottom  Tiews. 
All  the  figures  are  one-eighth  natural  size. 

EXPLANATION    OF  PLATES. 

PLATE  IV.— (For  Plate  IV.  see  April  Number  Geol.  Mao.) 

Fio.  1.     SkuU  of  TrieeratopaJiabellatuSf  Marsh  (seen  from  behind). 

Fio.  2.  Skull  of  Trietratqpt  parotu.  Marsh  ;  (seen  from  the  front)  d.  dentary ; 
p.  parietal;  pd.  pre-dentary;  «.  squamosal;  «.  epoccipital ;  h,  horn- 
core  ;  q,  quadrate ;  h\  nasal  horn-core ;  r.  rostral  bone. 

Figs.  1  and  2,  one-twentieth  natural  size. 

Fig.  3.  Anterior  part  of  skull  of  Tiiceratopa  proraiu,  Marsh  ;  side  yiew  ;  one- 
eighth  natural  size. 

Fig.  4.    Front  view  of  same. 

Fig.  5.    The  same ;  seen  from  below. 

A',  nasal  horH-core ;  n,  nasal ;  na.  narial  aperture ;  pm,  premaxillary ;  r. 
rostral  bone. 

Fig.  6.    Pre-dentary  of  same  indiyidnal ;  side  view ;  one-eighth  natural  size. 

Fio.  7.    Bottom  view. 

a.  anterior  end ;  h.  upper  border ;  d.  groove  for  dentary ;  »,  symphysis. 

Fig.  8.    Top  view  of  same  specimen. 

PLATE  V. 

Fio.  1.  Skull  of  Trieeratops  terratut.  Marsh ;  diagram  ;  seen  from  above,  d, 
epijugal  bone ;  /.  frontal ;  fp.  poetfrontal ;  j.  jugal ;  m.  maxillary  ;  n, 
nasal;  pf.  preht>ntal;  pm.  premaxillary;  x.  pineal  foramen  (one- 
twentieth  natural  size). 

Fig.  2.  Cast  of  brain-cavity  of  Tt-iceratopa  urratu9^  Marsh ;  side  view ;  one-half 
natural  size. 

e.  cerebral  hemispheres ;  eb.  cerebellum ;  m.  medulla;  o/.  olfactory  lobe; 
on,  optic  nerve ;  p.  pituitary  body. 

Fig.  3.    Maxillary  tooth  of  IViceratops  serratus ;  outer  view ;  natural  size. 

Fig.  4.    The  same  tooth ;  side  view. 

Fig.  6.    The  same  tooth ;  inner  view. 

Fig.  6.    The  same  tooth ;  seen  from  below. 

(To  be  continued  in  our  next  Number,) 


IL — On  Bubalus  Bainii  (Smlkt). 
By  Professor  H.  G.  Sbblbt,  F.R.S.,  F.G.S.,  etc. 

VERY  little  is  known  in  England  of  the  Tertiary  deposits  of 
South  Africa.  Some  marine  beds  are  found,  as  at  Bathurst, 
where  the  limestone  is  full  of  teeth  of  Carchadon  and  Lamna,  and 
fihells  of  Turriiella   Osirea,  Donax,  and  Xuctno.     The  shells  are 
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preserved  in  the  Albany  Museum.  I  was  informed  that  these  beds 
are  300  to  400  feet  above  the  sea.  The  teeth  shown  to  me  in  their 
worn,  polished,  yellowish  tone  rather  recalled  the  condition  of  Bed 
Crag  fossils. 

All  over  the  interior  of  the  Colony  freshwater  Tertiary  depoaits 
have  filled  up  ancient  valleys,  and  sometimes  existing  rivers 
have  cat  channels  for  short  distances  through  these  accumulations. 
I  noticed  them  sometimes  to  have  been  partially  eroded  and  again 
filled  up,  before  modem  river  denudation  laid  the  existing  sections 
bare.  In  these  older  muds  and  gravels  are  remains  of  a  terrestrial 
fauna  which  no  longer  lives  in  Africa.  I  had  no  opportunity  of 
determining  its  antiquity,  or  of  making  an  approximate  list  of  its 
fossils ;  but  my  attention  was  called  by  M.  Peringuey  to  some  of 
these  remains  in  the  South  African  Museum  at  Cape  Town.  Besides 
these  newer  Tertiary  fossils,  there  are  one  or  two  which  would  be  of 
exceptional  interest  if  their  African  origin  could  be  established. 


Crammn  of  Bubalut  JBainii,  Seeley. 

They  are  evidently  very  ancient  acquisitions,  and  the  circumstance 
that  they  are  not  mentioned  by  the  elder  Bain,  and  have  no  mark 
indicating  presentation,  refers  them  to  a  time  too  remote  for  tradition 
to  be  helpful.  One  is  the  middle  portion  of  a  mammalian  skull  with 
the  teeth  worn  down  to  the  alveolar  margin,  which  seems  to  me  to 
be  the  Hippopotamus  sivaJensis  and  the  trustees  have  generously 
entrusted  me  with  the  specimen  for  determination.  The  skull  is  rather 
smaller  than  the  Indian  specimens  in  the  British  Museum,  and  the 
teeth  are  worn  down  to  the  alveolar  border,  so  that  characteristio 
details  of  dental  structure  are  obliterated.  The  other  specimen  is 
the  distal  end  of  the  femur  and  proximal  end  of  the  corresponding 
tibia  of  an  enormous  proboscidian.  The  extremities  of  these  bones 
had  a  circumference  of  about  80  centira.  They  are  as  heavily 
mineralized  as  Earoo  fossils  with  which  they  had  become  associated, 
and  though  free  from  matrix,  are  so  like  Siwalik  specimens,  that  it 
is  possible  that  they  may  have  been  brought  from  India.  In  this 
uncertainty  I  may  mention  that  I  once  found  in  a  newly  unpacked 
collection  of  Dicynodont  bones  from  South  Africa  in  the  British 
Museum,  an  undoubted  Mammalian  fragment,  which  was  rejected  as 
being  a  Siwalik  fossil,  which  had  accidentally  dropped  among  the 
other  bones.  Still  the  possibility  of  such  a  fauna  being  represented 
at  the  Cape  is  of  sufficient  interest  to  justify  this  reference  to 
specimens  without  a  history. 
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Another  mammalian  fossil  is  better  authenticated.  In  the  Pro- 
ceedings of  the  Geological  Society  of  London,  vol.  iii.  November 
20th»  1839,  the  first  evening  communication  was  "Extract  from 
a  letter  addressed  to  Dr.  Andrew  Smith  by  A.  G.  Bain,  Esq., 
dated  Graham  Town,  Cape  of  Good  Hope,  February  2l8t,  1839, 
and  communicated  by  Charles  Darwin,  Esq.  The  object  of  this 
extract  is  to  announce  the  discovery  by  Mr.  Martin  Smith  of 
the  piths  and  portions  of  the  head  of  an  ox  in  the  alluviid  banks 
of  the  Moddar,  one  of  the  tributaries  of  the  Orange  Biver,  and 
40  feet  below  the  surface  of  the  ground.  The  piths  with  the  breadth 
across  the  os  frontis  measured  11  feet  7  inches,  but  it  is  calculated 
that  5  inches  had  been  broken  o£f  the  end  of  each  tip;  and  the 
circumference  of  the  piths  at  the  root  was  18  inches.  The  orbits 
were  situated  immediately  under  the  base  of  the  horns.  Part  of 
the  upper  jaw  containing  five  molar  teeth,  and  other  fragments  of 
the  head,  as  well  as  a  cervical  vertebra,  were  found  at  the  same 
time."  With  time  Mr.  Bain's  estimate  of  the  original  size  of  the 
horn  cores  extended.  For  in  the  Trans.  Gkol.  Society,  series  2,  vol. 
vii.  p.  59,  the  specimen  is  again  alluded  to  in  a  letter  to  Sir  Henry 
de  la  Beche  from  Fort  Beaufort,  April  29, 1844.  "  From  an  alluvi^ 
deposit  on  the  banks  of  the  Moddar  Biver,  before  noticed,  there  was 
obtained  about  five  years  ago  the  skull  of  a  kind  of  Buffalo,  retaining 
the  bony  cores  of  a  pair  of  horns  which  it  is  calculated  must  have 
measured  full  fourteen  feet  from  tip  to  tip  when  perfect.  This  fossil 
is  now  in  Cape  Town."  In  the  same  volume  of  the  Geological 
Transactions,  p.  192,  is  a  final  reference  to  another  and  apparently 
similar  animal.  Mr.  A.  G.  Bain  in  a  paper  on  the  Geology  of  South 
Africa,  read  Nov.  15th,  1852,  says,  '*I  ought  perhaps  to  mention  that 
I  have  frequently  heard  of  animal  remains  being  discovered  in  the 
alluvium,  dififering  from  those  of  existing  animals  ;  and  I  discovered 
at  Bloemhoff,  in  the  Division  of  Graaf  Beinet,  about  10  feet  below 
the  surface,  in  a  marly  alluvial  soil,  some  remains  of  an  extinct 
ruminant,  consisting  of  a  skull,  with  the  core  of  one  horn  attached, 
the  former  being  of  extraordinary  length  in  proportion  to  its  breadth. 
Its  forms  part  of  the  collection  of  1847  [sent  to  the  Geological 
Society]  and  must  speak  for  itseif.  I  have  no  doubt  a  diligent  search 
in  the  deep  ruts  or  ravines  which  everywhere  intersect  the  great 
plains  of  the  interior  would  produce  a  vast  number  of  extinct 
mammalian  remains  perfectly  new  to  science." 

What  became  of  the  second  specimen  is  not  evident,  but  I  make 
no  doubt  that  the  former  is  the  beautiful  ornament  which  hangs 
from  the  gallery  in  the  South  African  Museum  at  Cape  Town,  partly 
because  Mr.  Thomas  Bain,  who  assisted  in  collecting  specimens,  has 
always  believed  that  specimen  to  be  his  father's  fossil,  and  partly 
because  it  agrees  with  Mr.  Bain's  description  published  in  1839.  I 
therefore  propose  to  name  it  Buhalu$  Bainiu 

This  Buffalo  has  the  largest  pair  of  horn  cores  known  in  the 
genus.  They  are  remarkable  not  only  for  length,  but  for  curvature ; 
the  horn  bending  first  forward  and  then  backward  in  a  curve,  which 
lies  in  one  plane,  which  otherwise  rather  suggests  the  form  and 
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curvature  of  Mammoth  tusks.  The  transverse  measurement  in  a 
straight  line  hetween  the  extremities  of  the  horn  oores,  whioh  are 
nearly  parallel  to  each  other,  is  8  feet  6^  inches  measured  hy  M. 
Peringuey.  But  on  the  right  side  the  curve  extends  1^  inch  further 
outward  from  the  middle  line  of  the  skull  than  on  the  left  side.  M. 
Peringuey,  of  the  South  African  Museum,  had  the  kindness  to  verify 
for  me  Mr.  A.  Q.  Bain's  measurement ;  and  as  now  preserved  the 
length  along  the  posterior  or  concave  curvature  is  11  feet  1  inch, 
which  corresponds  sufficiently  with  11  feet  7  inches  obtained  by  Mr. 
Bain  probably  by  taking  the  outer  curve.  The  horn  cores  are  also 
remarkably  cylindrical,  the  flattening  being  moderate,  a  character  of 
some  interest  when  compared  with  the  flattened  form  of  the  horn 
cores  in  the  large  BuhaluB  paltmndictis  of  the  Nerbudda.  The  face 
is  long  and  narrow,  rounded  above  the  orbits,  flattened  from  side  to 
side  and  concave  in  length  between  the  frontal  and  nasal  region. 
The  length  of  the  head  as  preserved  is  22^  inches,  but  with  the 
slight  restoration  at  the  back  of  the  head  and  the  lost  premaxillary 
prolongation  in  front  it  would  be  several  inches  longer.  In  gener^ 
character  this  fossil  approaches  nearest  to  the  South  African  Buffalo* 
so  far  as  can  be  judged  from  its  state  of  preservation ;  and  it  probably 
bears  much  the  same  relation  to  that  type  which  the  Boa  primigenitta 
of  our  own  gravels  and  superficial  deposits  has  to  existing  British 
cattle.  It  is  not  without  interest  to  find  that  South  Africa  is  no 
exception  to  the  general  law,  that  some  of  the  existing  races  of 
animals  have  been  preceded  by  allied  species  of  larger  size,  as  in 
Europe,  South  America,  and  Australia. 

I  am  indebted  to  a  grant  from  the  Government  Grant  Fund  of 
the  Eoyal  Society  for  the  opportunity  of  identifying  the  specimen 
described  fifty-two  years  ago  by  Mr.  Bain.  The  figure  is  from  a 
photograph  taken  for  me  by  Mr.  Allis,  of  Bosebank,  Cape  Town* 
and  is  on  the  scale  of  about  one  millimetre  to  the  inch. 


III. — On  this  Grnus  L^vsillia  (Pobcbllia,  L£veill£),  with  a 
NoTiOB  OF  A  New  Species  from  the  Carbonifebous  Limbstons 
OF  Ireland. 

By  R.  BuLUBN  Nbwton,  F.O.S., 
of  the  British  Maseum  (Natural  History). 

(PLATE  VI.) 

IN  1835  M.  Charles  L6veille^  described  a  peculiar  and  extinct 
univalve  shell  under  the  name  PorceUiat  which  he  had  discovered 
in  the  Carboniferous  Limestone  of  Tournay  in  Belgium.  Since  that 
time  the  right  of  this  name  to  stand  has  never  been  questioned,  not- 
withstanding the  fact  of  its  pre-occupation  by  Latreille  *  in  1804, 
for  an  Isopodous  Crustacean  genus,  and  which  he  rendered  Forcellio. 
As  the  retaining  of  two  names  so  nearly  alike,  differing  only  in  their 
terminal  letter,  must  constantly  lead  to  confusion  in  Natural  History 
nomenclature,  it  becomes  necessary  to  suggest  an  alteration,  and 

1  M6m.  Soc.  66ol.  France,  1835,  vol.  ii.  part  1,  p.  39. 
'  Hist.  Nat,  Crust.  1804,  rol.  tU.  p.  46. 
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Lhmllia  is  therefore  proposed  to  take  the  place  of  L6veill6'8  genua 
ForceUia, 

I  may  state  that  my  colleague  Mr.  E.  A.  Smith,  F.Z.S.,  the  Con- 
chologist  of  the  British  Museum,  warmly  supports  my  action  in  this 
matter,  and  fully  admita  the  justice  and  desirability  of  removing 
ForceUia  from  the  list  of  moUuscan  genera. 

Genus  L^vkillia,  B.  B.  Newton,  nom.  mtU, 
ForceUia,  G.  L6veille,  1835,  nan  Latreille,  1804. 

The  chief  characters  of  this  genus  may  be  briefly  stated  as : — Shell 
nearly  symmetrical,  monotbalamous,  discoidal,  biconcave;  whorls 
contiguous  and  on  the  same  plane,  except  initial  ones,  which  are 
slightly  raised,  and  all  exposed  within  a  wide  umbilicus;  the 
dorsal  area  bears  a  narrow  and  centrally  situated  continuous  band, 
or  groove,  which  opens  on  the  external  part  of  aperture  in  a  slit ; 
aperture  oval  or  quadrangular ;  surface  structure  beaded,  ribbed,  or 
spirally  striated ;  umbilical  margin  round  or  angular,  with  a  series 
of  nodulatious  or  quite  plain  ;  shell  structure  moderately  thick. 

The  distinguished  Belgian  paleontologist,  the  late  Prof.  L.  G. 
de  Koninok,  published  some  extended  observations  on  this  genus 
in  1843 '  and  1883,'  giving  a  full  synonymy  and  an  emended  descrip- 
tion of  the  original  diagnosis. 

Two  apecies  were  described  by  Leveille  in  illustration  of  his  genus, 
viz.  Fuzo  and  IcBvigata,  The  latter  of  these  being  without  a  slit, 
De  Koninck  removed  to  Etumphalue  in  1843,  and  Anally  to  the 
genus  StraparoHus  in  1883,  from  which  fact  it  is  evident  he  con- 
sidered the  presence  of  the  median  band  of  the  highest  generic 
importance,  although  Leveille  failed  to  include  it  among  his  original 
characters,  recognizing  it  as  only  of  specific  value  in  his  description 
of  L.  Puzo,  the  type  of  the  genus.  The  central  position  of  this  band 
divides  the  shell  into  two  equal  parts.  With  the  growth  of  the 
shell  the  band  becomes  successively  filled  up  until  it  reaches  the 
apertnre  where  it  is  still  open  to  form  the  slit.  The  slit  itself  is 
often  difficult  to  trace  in  specimens,  but  it  is  usually  well  seen  in 
the  weathered  examples  from  Tournay.  Its  special  function  would 
no  doubt  be  as  in  other  fissured  gen«ra  for  the  pui-pose  of  ejecting 
vitiated  water  from  the  branchial  chambers  of  the  animaL 

Generic  affiniUee, — In  following  the  history  of  this  genus  we  find 
that  much  misconception  has  arisen  as  to  its  proper  position  in  the 
MolluBca.  Many  of  its  species  have  been  ranked  with  the  Cephalo- 
poda under  Ammonites,  Nautilus,  Ooniatites,  etc.,  though  the  total 
absence  of  septa  or  chambers  is  strong  evidence  against  such 
determinations.  Others  have  been  described  as  Schizostoma, 
Bellerophon,  and  Fleurotomaria,  With  regard  to  the  first  of  these 
genera,  it  may  be  stated  that,  possessing  no  slit,  its  other  pecu- 
liarities need  not  be  discussed.  On  examining  Bellerophon,  or  genera 
known  to  be  closely  allied  to  it,  we  find  it  to  be  usually  a  heavy 
globose  and  convolute  shell,  with  a  wide  and  semilunar  mouth, 

1  Desc.  Anim.  Poas.  Ter.  Carbonif.  Belgiqne,  1843,  p.  357. 
'  Fanne  Calc.  Carbonif.  Belgique,  1883,  p.  112. 
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which  often  bean  strong  callosities  on  its  inner  margins.  The 
continuous  fissure  is  not,  however,  a  persistent  character,  sometimes 
consisting  of  a  regular  series  of  isolated  perforations,  as  in  Tremanotus 
of  Hall ;  in  other  species  the  central  part  of  the  dorsal  area  may  be 
keeled  or  form  a  mere  depression  without  apparently  any  connexion 
with  the  interior  of  the  shell,  until  the  lip  is  reached,  when  a  deep 
notch  is  usually  present.  Pleurotomaria,  especially  its  more  depressed 
forms,  i.e.  P.  mirahiltB,  Deslongchamps,  presents  more  striking 
resemblances  to  our  genus.  The  whole  of  the  Pleurotomariidss 
possess  an  uninterrupted  slit,  its  position  on  the  test  varying 
greatly  in  different  species.  The  P.  mirahiltB  differs  from  Liveillia  in 
being  subdiscoidal  and  having  a  wide  band  excentrally  situated,  but 
its  surface  ornament  is  Tei7  similar  in  structure  and  arrangement. 

De  Eoninck,^  in  his  latest  review  of  this  genus,  ranked  it  with 
the  Haliotidsd,  a  family  peculiar  for  shells  bearing  a  regularly 
arranged  series  of  siphonal  openings  on  the  dorsum.  With  this 
determination  I  am  unable  to  agree,  as  the  continuous  slit  or 
groove  is  decidedly  a  feature  of  much  importance  in  our  genus. 
The  evidence  would  seem  to  justify  us  in  uniting  UveUlia  with 
the  Pleurotomariid»,  thus  following  the  views  first  adopted  by  Dr. 
Ferd.  Stoliczka*  in  1868,  afterwards  by  Mr.  E.  Etheridge,  jun.,'  in 
1878,  and  Dr.  Paul  Fischer «  in  1885.  Aa  lAveillia  and  Belleroplon 
have  usually  been  considered  to  belong  to  the  same  family,  viz. 
the  Bellerophontid»,  it  may  not  be  out  of  place  to  examine  the 
systematic  position  of  the  genus  Bellerophon  as  now  understood, 
it  having  been,  at  all  times,  a  question  of  much  dispute  among 
Gonchologists.  This  genus  was  first  established  by  De  Montfort' 
in  1808,  and  classed  nnder  the  Cephalopoda, 

De  Blainville<  in  1825,  followed  by  John  Fleming^  in  1828, 
regarded  it  as  a  Tectibranchiate  Gasteropod,  and  placed  it  in  close 
proximity  to  Bulla  and  ActoBon ;  but  the  peculiarities  of  these  shells 
were  so  very  obvious  that  this  grouping  never  received  much 
support  Deshayes,^  in  1830,  placed  it  with  the  Nucleobranchiata 
(Heteropoda),  and  Uiis  xdew  has  been  more  generally  received  than 
any  other,  though  it  seems  somewhat  anomalous  when  one  con- 
siders the  delicately  formed  and  small  shells  of  this  group,  their 
thin  and  transparent  nature,  and  the  invariable  presence  of  an 
operculum.  It  may  be  observed  that  no  operculum  has  yet  been 
found  in  association  with  either  Bellerophon  or  Liveillia.  De  Eoninck's 
researches  of  1843  led  him  to  place  both  these  genera  among  the 
Prosobranchiates,  between  Capulua  and  Pleuroiomaria.  The  Belle- 
rophontid»  were  established  by  Professor  M'Goy,*  in  1852,  as  a 
family  of  Cephalopoda  for  the  reception  of  Bellerophon  only.  Later, 
in  1855,  in  a  further  fasciculus  of  the  same  work  (p.  558),  L^eilUa 


*  loe,  eit.  p.  10.  •  Man.  Malaoologi|r,  1826,  p.  477. 
>  Gasteropoda,  Mem.  Geol.  Smr.  India,  ^  Hist.  British  Animals,  1828,  p.  < 

1868,  p.  381.  B  Encycl.  Methodique  (ters),  1830, 

*  Cat.  Australian  Fossils,  1878,  p.  87.  p.  183. 

«  Man.  Conchyliologie,  1885,  p.  848.  •  Syst.  Deso.  British  Pal.  Foes. 
«  Conchyl.  Syst  1808,  toL  i.  p.  61.  p.  3U7. 
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(TorceJUa)  was  also  included  in  the  family.  In  1864,  Prof.  James 
HalP  described  TremanotuB,  a  new  Belleropbontoid  genus,  from 
the  Niagara  Limestone  of  Illinois,  which  possessed  a  regular  series 
of  Biphonal  openings  on  the  dorsal  region  of  the  shell  instead  of  the 
nnintemipted  band.  This  discovery  led  to  some  valuable  observations 
bj  the  late  Mr.  F.  B.  Meek,'  in  1866,  who,  grasping  the  importance 
of  this  unusual  character  in  Prof.  Hall's  genus,  looked  upon  it  as 
the  chief  link  of  evidence  required  to  prove  the  Prosobranchiate 
affinities  of  BeUerophon,  and  the  desirability  of  associating  it  with 
the  fissured  shells  of  that  group  in  dose  proximity  to  the  Haliotidao, 
li'iBSurellidad,  and  the  Pleurotomariidsd.  It  is  satisfactory  to  note 
that  Meek's  decision  in  this  matter  is  at  last  being  recognized  with 
favour,  having  been  adopted  by  Prof.  Karl  ZitteP  in  1882,  Mr. 
R.  Etberidge,  jun.,«  in  1882,  De  Eoninck<^  in  1883,  Dr.  Paul 
Fischer  *  in  1885,  and  lastly  by  Messrs.  Nicholson  and  Lydekker ' 
in  1889. 

Distrtbutton  of  LSveillia, — Devonian,  Oarboniferous,  and  Triassio 
Bocks  of  various  localities  in  England,  Ireland,  Scotland,  Belgium, 
France,  Germany,  Russia,  America  and  Australia. 

The  Tiiassic  species  are  peculiar  to  Hallstatt  and  St.  Cassian. 

L^vviLLiA  (Porcellia)  Puzo,^  C.  Leveille,  1885. 

MSm.  Soc.  G6ol.  France,  1835,  toL  ii.  pi.  xi.  figs.  10, 11,  p.  39. 

Ooniatiles  intercostalis,  J.  Phillips,  1836. 

Illnst.  Geol.  Torksliire,  Part  2,  Monntaxn  Limeat.  District,  1836,  pL  20, 

figs,  61,  62,  p.  237. 

Porcellia  Puzo,  L.  G.  de  Koninck,  1843. 

Desc.  Anim.  Foss.  Terr.  Carb.  Belgiqne,  1843,  pi.  28,  fig.  1,  p.  359. 
Faune  Calc.  Carb.  Belgique,  1883,  pi.  35,  figs.  26-28,  p.  116. 

There  is  nothing  to  add  to  the  characters  of  this  type  as  originally 
defined  by  Leveille,  and  which  have  been  further  added  to  by 
I>e  Koninck.  A  notice  of  the  species  here  is  necessitated  by  the 
introduction  of  Phillips'  Ooniatiles  intercoskilis  into  its  synonymy 
for  the  first  time.  The  brief  description,  as  given  by  Phillips  of 
this  species  stands  thus :  **  Discoid,  whorls  costato-tuberculated  on  the 
sides,  round  on  the  back,  with  spiral  intercostal  stri»,"  and  this  is 
accompanied  by  two  figures,  one  showing  a  side  view  with  its  nodu- 
lated whorls,  the  other  exhibiting  the  size  and  shape  of  the  aperture, 
both  figures  being  taken  from  dififerent  specimens  preserved  in  the 
**  Gilbertson  Collection,"  now  arranged  as  one  of  the  separate  type 

»  Eighteenth  Rept.  Eeg.  Univ.  New  Tork,  1864,  p.  347  ;  Twentieth  Eept.  1867. 
pL  XT.  figs.  23,  24. 

-  Note  on  the  Affinities  of  the  Bellerophontidae,  Proc.  Chicago  Acad.  Sciences, 
1866,  Yol.  i.  p.  9. 

*  Handb.  Palseontologie,  1882,  p.  183. 

^  Proc.  Roy.  Phys.  8oo.  Edinburgh,  1882,  yoI.  vii.  part  i.  p.  73. 

*  loe.  eit.  p.  119. 

<  Man.  Conchyliologie,  1885,  p.  852. 

^  Man.  Palaeontology,  1889,  ed.  3,  vol.  i.  p.  767. 

*  For  a  fuller  synonymy  of  this  species  the  student  is  referred  to  De  Koninck' s 
works  as  here  quoted. 
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series  in  the  Geological  Department  of  the  British  Museum  (Natural 
History).  The  presence  of  the  dorsal  groove  in  these  specimens, 
evidently  overlooked  by  Phillips,  together  with  the  well-developed 
nodules  bordering  the  umbilical  margin,  its  highly  ornamented 
surface  and  quadrangular- shaped  mouth,  leave  no  doubt  as  to  its 
identification  with  this  species. 

Fomxatian  and  Locality. — Garboniferous  Limestone  of  BoUand. 
[Gilbertson  Collection,  British  Museum.] 

L^VEILLIA  LATIDORSATA  (sp.  UOV.).      PI.  VI. 

Specific  characters. — Shell  large,  discoidal,  biconcave,  last  whorl 
massive  and  broad ;  umbilicus  wide,  deep,  with  prominent  angular- 
shaped  nodules,  forming  strong  marginal  serrations ;  nodules  decrease 
in  size  towards  the  younger  volutions  of  the  whorls ;  the  ventral 
surfcu3e  of  last  whorl  is  deep,  oblique  and  furnished  with  numerous 
transverse  and  closely  set  lines  minutely  beaded  in  structure, 
similar  lines  cross  these  concentrically  on  the  younger  whorls; 
dorsal  region  moderately  convex  and  very  broad  near  the  aperture, 
but  gradually  diminishing  in  width  towards  the  nucleus,  ornamented 
with  strong  and  broad  ribs,  which  are  crossed  transversely  by  fine 
olosely-set  striae ;  ribs  with  a  slightly  wavy  contour  and  widest  near 
the  umbilical  margins,  decreasing  in  width  and  becoming  straighter 
and  more  numerous  as  they  approach  each  side  of  the  median 
groove ;  aperture  quadrangular ;  groove  narrow  and  prominent ; 
shell  structure  thick  and  robust 


DiMXMBIONB. 

Height     

B  40  miUimetres. 

Transverse  diameter       

=  72 

Height  of  mouth 

Width  of  mouth 

=  30 

=  38 

Diameter  of  umbilicus 

=  60        „ 

Observations. — This  species  is  distinguished  from  all  others  by  its 
large  size,  a  lesser  convexity,  and  greater  width  of  the  dorsal  region, 
together  with  the  presence  of  the  broad  and  prominent  ribs  over 
the  back  instead  of  the  spirally  beaded  surface.  The  important 
angular-shaped  nodules,  with  the  deep  cavity  between  each,  gives 
rise  to  a  strongly  serrated  appearance,  especially  when  the  shell  is 
viewed  dorsally.  Another  peculiarity,  only  shared  by  one  other 
species,  viz.  L.  Duponti,  De  Eoninck,  is  the  fact  that  these  nodules 
follow  the  dorsal  plane  of  convexity  and  extend  down  the  ventral 
surface  only,  without  forming  ridges  by  being  produced  over  the 
back  as  is  general  in  the  nodulated  species  of  the  genus.  The 
exception  mentioned,  though  possessing  this  character,  has  a  very 
differently  shaped  aperture,  and  its  surface  ornament  presents  the 
usual  spirally  beaded  structure. 

There  are  three  specimens  of  our  species  in  the  British  Museum, 
one  of  which  has  been  sectioned  to  show  the  growth  and  contiguity 
of  the  whorls  as  well  as  to  prove  the  monothalamous  nature  of  the 
genus. 

Formation  and  Locality. — Garboniferous  Limestone,  Dublin  and 
Eildare.     British  Museum  (Natural  History). 
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Befsrxncbs  to  thb  Dsscbibbd  Spbcibs  of  LhmUia ;   thosb  masxbd  with  ak 

AfiTEBJSK  (*)     BBINO     KePKBSENTBD     IN     THB     BuiTISH     MuBBXTM    (NATURAL 
HiSTOBY)    CoLLBCnONB. 

Tbias. 

Uveillia    (Sehizostoma)  JSuehii*  \  Munster,    1841,    Beit.    Petrefactenkunde, 
„         (  „        )  cofteto,*  /      1841,  pi.  xi.  figs.  6,  6,  pp.  106,  106. 

Locality. — St.  Casrian. 
Z^eillia  {Foreellia)  Fiseheri,   Hornes,    1865.      Ueber  die  Gastropoden    nnd 
Acephalen  der  Hallstatter  Schichten.     Denluch.  k.  Ak.  WiBsen.  Wien,  1866, 
vol.  9,  part  2,  pi.  i.  fig.  7,  p.  46. 
XM0/f<y.— HaUatatt. 

Garbokitbrous. 

lifivBiLLiA  {Foreellia)  abmata,  Murchiaon,  Yemeiiil,  and  Keyserling.    G6ol. 
Buasie  Europe,  1846,  toI.  2  (Paleontologie),  pi.  xxiy.  fig.  3,  p.  346. 
ZocalUiea. — Orchard  ;  Craigenglen ;  Craigie  (Western  Scotland),  vide  Armstrong, 
Toang  and  Robertson's  ''  Gat.  Western  Scottish  Fossils,"  1876,  p.  68. 

Leveillia  {Poreellia)  earinata,  L.  G.  de  Eoninck,   1883.     raone  du  Galcaire 
Garbonif^  de  la  Belgique,  1883,  pi.  xxxiii  bis.  figs.  27-31,  p.  114. 
LocaJity. — Tonmay. 

ZeveiUia  {ForeeUia)  Duponti,  L.  G.  de  Xoninck,  1883.    Loe,  eit.  pi.  xxxr. 
figs.  9-12,  p.  118. 
Zoealiii^. — Panquys  ;  Ireland  {var.).^ 

Uveillia  [ForeeUia)  Le  Soni,  L.  G.  de  Koninck,  1883.    Zoe.  eit.  pi.  xxxiii  bis. 
figs.  32-36,  p.  116. 
Locality. — Tonmay. 

L^eiUia  (ForeeUia)  motana,  L.  G.  de  Eoninck,   1883.     Loe.  eit.  pi.  xxxy. 
figs.  13-16,  p.  117. 
Loe€dity. — Vise . 

Leveillia  (Foreellia)  Fuzo,^  G.  L^veill^,  1836.    Aper<^  G^ologiqne  de  qnelques 
localit^s  tr^  riches  en  coquilies  sur  lee  frontieres  de  France  et  de  Belgiqne.— 
Description  des  coquilies,  Mem.  Soc.  G6ol.  France,  1836,  yol.  2,  part  1, 
pi.  ii.  figs.  10,  11,  D.  39. 
Xoe0/i/t«9.~JBolland ;  'N'ls^;  Tonmay. 

Leveillia  (Bellerophon)  Vemtuili*  D'Orbigny,  1838.    Hist.  Nat.  G^ph.  &C6tab. 
1838,  pi.  yi.  fiffs.  12-14,  p.  212. 
Localities.— ^Wax^\  Yis^. 

Leveillia  (Nautilites)  Woodwardi*  W.  Martin,  1809.     Petrefacta  Derbiensia, 

1809,  pi.  xxxy.  figs.  4,  6,  p.  17.— Mineral  Gonchology,  1827,  pi.  671,  fig.  3. 

— Bech.  Foes.  Pal.  Nouy.— Galles  Sud  (Anstralise),   1876,  pi.  23,  fig.  8, 

p.  319  (De  Eoninck). 

Localities. — Bolland ;    Winster,   Derbyshire ;  yis6.    The  original  t^  of  this 

species  was  refig^ured  by  James  de  Carle  Sowerby  in  the  Mineral  Gonchology,  1827. 

It  now  forms  part  of  the  **  Sowerby  Gollection,''  arranged  in  the  Tyi>e  Gallery  of 

the  British  Museum.    An  interesting  fact  in  its  distribution  is  De  Eoninck's  record 

of  its  occurrence  in  the  Carboniferous  rocks  of  Burragood,  New  South  Wales. 

DnyoNiAN  (European). 

Lheillia  (Foreellia)  eaUeoUB^  F.  A.  Roemer,  1866.    Beitrage  zur  geologischen 
Eenntniss  des  nordwestlichen  Harzgebirges. — Palaeontographica,  1866,  yol. 
13,  pi.  33,  fig.  6,  p.  206. 
Locality. — Hartz. 

Leveillia  foreellia  P)  eineta^  Miinster,  1840.    Loe.  eit.  1840,  p.  84  (not  figured). 
Locality. — Elbersreuth. 

Leveillia  (Bellerophon)  eultrata^  D'Orbigny,   1838.     Loe.  eit.  pi.  7,  figs.  21- 
23,  p.  208. 
ioco/i^y.— Eifel. 

Leveillia  (Bellerophon)  JEdouardii,  D*Orbigny,  1838.    Loe.  eit.  pi.  7,  figs.  6,  7, 
p.  216. 
XM^a/t/y.— Eifel. 

Leveillia  (Foreellia)  parvula,  Miinster,  1840.    Loe.  eit.  1840,  p.  84  (not figured). 
Locality. — ^Elbersreuth. 
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JJveiUia  {Ammonites)  primordialis,*  Schlotheim,   1820.      Petrefactenkande^ 

1820,  p.  65.— Merkwiirdlge  Yersteinenmg^n,   1832,  pi.  ix.  fig.  2,  p.    16. 

(?)  Schizostoma  earinatum,F.  A.  Roemer,  1860.     Beit.  geol.  KenntniBs  noid. 

Harz.  1860,  pi.  v.  fig.  28,  p.  38. 

LociUity. — ^Winierton,  near  Gnmd,  Harz.     Homer's  spedee  appears  to  be  the 

immature  form  of  X.  primordidlU. 

LhetUia  {JBellerophon)  radiata^  D'Orbigny,  1838.    Loe,  eit,  pi.  6,  figs.  20-23, 
p.  216. 
JLoeality. — Eifel;  Eussia. 

LdveiUia  (Nautilites)  JFoodwardi,  W.  Martin,  1809,  loe.  eit. 

„        {JBellerophon)  Woodwardi,  J.  Phillips,  1841.    Fig.  Deec.  Palseozoic 
Foss.  Cornwall,  Devon,  etc.,  1841,  pi.  40,  fig.  201,  p.  107. 
Locality. — Newton,  South  Devon. 

Dbtoniait  (American). 

LivHllia  {Poreellia)  eriueinoda,  C.  A.  White  and  R.  P.  Whitfield,  1862. 
Obsenrations  upon  the  Rocks  of  the  Mississippi  Valley  which  have  been 
referred  to  the  Chemung  Group  of  New  York,  together  with  DescriptionB  of 
New  Species  of  Fossils  from  the  same  horizon  at  Burlington,  Iowa.  Proc. 
Boston  Soc.  Nat.  Hist.  1862,  toI.  8,  p.  303  (not  figured). 
locality. — Burlington,  Iowa. 

Leveillia  {Poreellia)  Hertzeriy  J.  Hall,  1876.     Illustr.  DeTonian  Foes.  1876, 
pi.  XTi.  fig.  24.    Nat.  Hist.  New  York  (PalsBontology),  1879,  toI.  y.  part  2, 


pi.  xvi.  fig.  24,  p.  126. 
ality.--C  •      '        ^^'     " 


Loeality. — Columbus,  Ohio  (Upper  Helderberg). 

Lheillia  (Oyroceraa  and  Poreellia)  nait^  J.  Hall,  1862.     Descriptions  of  New 
Species  of  Fossils  from  the   Upper  Helderberg,  Hamilton  and  Chemung 
Groups.    Fifteenth  Ann.  Rep.  Regents  New  York,  1862,  part  D.  pi.  6, 
figs.  6,  6,  p.  68. 
Loeality. — Chemung  Co.  (Chemung  Group). 

Liveillia  (Poreellia)  obliquinoda,  C.  A.  White,  1862.     Description  of   New 
Species  of    Fossils  from  the    Devonian  and  Carboniferous  Rocks  of    tiie 
Mississippi  Yalley.    Proc.  Boston  Soc.  Nat.  Hist.  1862,  vol.  ix.  p.  21  (not 
figured). 
Loeality. — Burlington,  Iowa  (Chemung  Beds). 

LeveiUia  (Poreellia)  reetinoda,  A.  Winchell,   1863.     Descriptions  of  Fossils 
from  the  Yellow  Sandstones  lying  beneath  the  *' Burlington  limestone*'  at 
Burlington,  Iowa.   Proc.  Ac.  Nat.  Sd.  Philadelphia,  1863,  p.  18  (not  figured). 
Loeality. — ^Burlington,  Iowa. 

EXPLANATION  OF  PLATE  VI. 

Fio.  1.  Lheillia  latidorsata  (R.  B.  Newton),  ventral  view  of  spedmen,  showing 
the  nodulations  and  the  wide  umbilicus.  The  internal  volutions  are 
much  covered  with'  matrix. 

FiQ.  2.  Dorsal  view  of  same  specimen  showing  the  prominent  ribs,  the  median 
groove,  and  the  strong  marginal  serrations.  The  shell  fracture  a  short 
distance  from  the  maigin  of  the  mouth  opening  exposes  impressions  of 
the  ribs  and  groove  in  tue  matrix. 

Fig.  3.  Internal  section  of  another  specimen  of  the  same  species  showing  the 
thickness  of  the  shell,  the  contiguity  of  the  whorls  and  its  glooular 
nucleus.  The  figure  also  illustrates  the  monothalamous  nature  of  the 
genus. 

The  figures  are  drawn  of  the  natural  size. 
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IT.— Nora  ON  THV  Age  akd  Ancient  Olaoisbs  of  the  Himalayab. 
By  W.  T.  Blanford,  LL.D.,  F.B.S.,  etc. 

I  DO  not  think  geologists  who  have  studied  the  Himalayas  will 
he  disposed  to  agree  with  Mr.  Ho  worth  (anU^  pp.  97-104, 
156-163)  that  those  mountains  have  oome  into  existence  since  the 
time  when  the  Mammoth  flourished  in  Siberia.  It  is  quite  possible 
that  the  Himalayas  are  higher  now  than  they  were  in  Pliocene  or 
even  in  Pleistocene  times ;  but  the  geological  evidence,  so  far  as  it 
is  known,  is,  I  think,  in  favour  of  the  view  expressed  by  Mr.  B.  D. 
Oldham  in  the  Geo  logical  Magazine  for  February  {cade^  pp.  72-73). 
This  view  is  that  the  period  of  elevation  has  approximately  coin- 
cided with  the  Tertiary  era.  The  Upper  Pliocene  beds  along  the 
southern  border  of  the  range  so  closely  resemble  in  material  and 
coarseness  those  forming  in  the  same  area  at  the  present  day  as  to 
indicate  very  similar  geographical  conditions,  and  Mr.  H.  B.  Medlicott 
showed,  many  years  ago,  that  where  the  great  Himalayan  rivers 
flow  now,  great  rivers  have  floWed  since  early  Pliocene  times  at 
least  The  principal  question  in  dispute  amongst  recent  investiga- 
tors of  Himalayan  Qeology  has  been  whether  the  range  existed  in 
Pre-Tertiary  times  or  not  Mr.  Howorth's  contention  that  the 
elevation  of  the  Himalayas  is  Pleistocene  (or,  as  some  geologists 
call  it,  Post-Tertiary)  has  the  very  great  merit  of  novelty. 

Mr.  Howorth's  principal  argument  for  the  recent  origin  of  the 
Himalayas  is  founded  on  the  absence  of  ice-markings  on  a  large 
scale.  On  this  subject  he  has  brought  together  a  remarkable  mass 
of  evidence.  It  is  difficult,  without  writing  a  paper  of  considerable 
length,  to  pick  out  the  weak  points  in  this  evidence,  and  to  show 
how  much  may  be  said  on  the  other  side.  I  will  give  one  example 
of  each  form  of  reply. 

One  of  Mr.  Howorth's  principal  witnesses,  perhaps  I  should  say 
his  principal  witness,  is  the  late  Mr.  J.  F.  Campbell.  Now  Mr. 
CampbelFs  main  object  in  the  paper  quoted  was  to  demolish  certain 
rather  extravagant  ideas,  held  only  by  a  few  extreme  glacialists, 
about  polar  ice-caps  extending  to  the  tropics  and  similar  hypotheses. 
As  a  matter  of  fact,  Mr.  Campbell  never  entered  the  main  Himalayan 
range ;  he  only  went  to  three  or  four  hill-stations  on  the  outer  spurs. 

On  the  other  hand,  Mr.  Howorth  has  overlooked  evidence  by 
geologists  who  really  traversed  the  main  range.  The  only  part  of 
the  higher  Himalayas  that  I  have  been  able  to  examine  is  to  the 
eastward  in  Sikkim.  Here,  more  than  forty  years  ago.  Sir  J. 
Hooker  described  great  moraines  in  every  Himalayan  valley  that 
he  ascended,  at  or  about  7000  or  8000  feet  elevation  (Himalayan 
Journals,  vol.  i.  p.  380).  I  found  the  same,  and  can  entirely  confirm 
Sir  J.  Hooker's  observations.  The  Lachoong  and  Laohen  valleys 
(which  unite  to  form  the  Teesta)  have,  above  the  lowest  moraines, 
the  u-shape  and  other  characteristics  of  glacier  valleys.  At  the 
present  day,  in  this  part  of  SSikkim,  no  glaciers  descend  below 
liOOO,  and  very  few  below  16,000  or  17,000  feet  Thus  great 
glaciers,  in  this  part  of  the  Himalayas,  descended  in  Pleistocene 
times  from   6000  to  10,000  feet  lower  than  they  do  now.     In 
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iJ^Ashinir,  aocording  to  Drew  and  Lydekker  (Mem.  Oeol.  Sunr.  Ind. 
Tol.  xxii.  p.  32),  the  case  is  very  similar.  In  short,  so  far  as  I  can 
see,  the  extension  of  the  glaciers  in  the  Himalayas  was  very  similar 
to  what  it  was  in  the  Alps ;  but  as  the  latter  are  from  15^  to  20^ 
farther  north,  the  glaciers  came  to  the  base  of  the  mountains,  and 
flowed  over  some  of  the  adjacent  country,  whilst  in  the  Himalayas 
all  the  ice  melted  within  the  range. 

The  only  other  fact  cited  by  Mr.  Howorth  is  the  curious  occur- 
renoe  of  remains  of  fossil  Horses,  Bo  vines,  Bhinooeroses,  etc.,  in 
Hundes.  Here,  too,  I  think  he  has  overlooked  part  of  the  evidence, 
as  he  evidently  is  under  the  impression  that  none  of  the  animals 
mentioned.  Horse,  Ox,  Deer,  Rhinoceros,  and  Elephant,  can  live  at 
such  elevations  as  15,000  feet.  The  fact  is,  however,  as  Mr. 
Lydekker  has  shown,  that  wild  horses  (Equus  hemionns)  and  Oxen 
(or  rather  Yaks,  Bos  grunniens)  do  inhabit  Hundes  at  the  present 
day,  that  the  supposed  Deer  are  Antelopes  belonging  to  the  genua 
Panthohps,  peculiar  to  the  Tibetan  plateau,  and  that  the  only 
difficulty  is  about  the  Rhinoceros  (the  occurrence  of  Elephaa  is 
doubtful,  1  believe).  The  beds  containing  the  remains  are  now 
regarded  by  Mr.  Lydekker  (Reo.  Geol.  Surv.  Ind.  1887,  p.  64)  as 
Pliocene,  not  Pleistocene.  It  is  probable  that  these  beds  have  under- 
gone a  certain  amount  of  elevation ;  but  if  I  were  obliged  to  decide 
which  is  more  improbable,  that  a  Rhinoceros  in  Pliocene  times 
lived  15,000  feet  above  the  sea,  or  that  the  Tibetan  plateau  has 
been  raised  to  that  elevation  from  near  the  sea-level  since  the 
Pliocene  period,  I  should  feel  very  little  difficulty  in  coming  to 
a  conclusion. 

I  am  not  prepared  to  accept  all  Mr.  J.  F.  Campbell's  views  as  to 
the  Himalayas,  but  there  is  one  remark  in  his  paper  with  which 
I  thoroughly  agree.  He  infers  from  the  circumstance  that  what  he 
calls  the  "  waterfall  zone "  lies  close  to  the  sources  of  the  rivers, 
that  the  waterrx)ur8e8  in  the  Himalayas  are  very  old.  I  think  if 
Mr.  Howorth  had  had  an  opportunity  of  seeing  what  is  perhaps  the 
grandest  example  of  subaerial  denudation  in  the  world,  he  would  be 
as  little  inclined  as  I  am  to  believe  that  such  gigantic  furro^iit'as 
the  Himalayan  valleys  can  have  been  ploughed  out  by  rain  and 
rivers  since  the  frozen  Mammoths  were  imbedded  in  the  gVavels  of 
the  Siberian  tundras. 


V. — Note  on  the  Expansion  Theory  of  Mountain-Evolution. 

By  Charlbs  Davison,  M.A. ; 
Mathematical  Master  at  King  Edward's  High  School,  Birmiogham. 

THE   following  is  the   fundamental   principle  of  the  theory  of 
terrestrial   evolution   which   has   been   sometimes   called   the 
**  expansion  theory  "  : — 

Masses  of  sediment  laid  down  in  an  area  of  subsidence  are 
gradually  lowered  to  regions  of  the  earth*s  crust  that  are  at  a  higher 
temperature  than  that  in  which  they  were  deposited.  The  sediment, 
being  heated,   expands,  is   crumpled   and  folded  internally,   and, 


Digitized  by  VjOOQIC 


A.  8.  Wooducard — A  Microaaurianfrom  the  Coal.        211 

bulging  up  at  the  sarfaoep  is  reduced  by  denudation  to  the  form  of 
a  mountain-chain. 

This  theory  has  at  different  times  reoeiyed  attention  from  geologists, 
and  it  has  met  with  a  considerable  amount  of  adverse  criticism. 
Much  of  that  criticism  appears  to  me  of  a  very  forcible  character, 
bnt  one  of  the  strongest  objections  that  can  be  brought  against  the 
theory  does  not  seem  to  have  been  generally  noticed.' 

It  is  obvious  that  the  heat  which  passes  into  and  expands  the 
sediment  must  be  withdrawn  from  the  immediately  adjoining  parts 
of  the  earth's  crust,  partly  laterally,  but  chiefly  from  below ;  and 
that  the  amount  of  heat  gained  by  the  sediment  must  be  equal  to 
that  lost  by  the  crust.  The  increase  in  volume  of  the  sediment 
must  therefore  be  accompanied  by  an  equal  decrease  in  volume  of 
that  part  of  the  crust  from  which  the  heat  has  been  derived.  Thus, 
the  sediment  in  expanding  must  follow  a  crust  that  is  retreating, 
and  this  retreat  must  take  place,  partly  laterally,  but  chiefly  down- 
wards. Instead,  then,  of  the  sediment  bulging  up  at  the  surface, 
and  ultimately  forming  a  mountain -chain,  its  uppermost  layer  must 
remain  practically  stationary  (so  far  as  the  effect  of  the  transference 
of  heat  alone  is  concerned),  while  most,  if  not  nearly  all,  of  the 
sediment  below  must  subside. 

It  may,  in  reply  to  this,  be  urged  that  the  sediment  will  check 
for  a  time  the  natural  outward  flow  of  heat  from  the  earth's  interior, 
while  the  heat  will  continue  to  pass  as  before  through  the  other 
parts  of  its  surface  which  are  not  areas  of  sedimentation.  This  may 
be  the  case,  bnt  the  amount  of  heat  so  checked  cannot  be  great 
Supposing  no  heat  at  all  to  escape  for  some  time  through  the 
sediment,  then  its  effect  in  raising  the  surface  of  the  mass  relatively 
to  that  of  the  earth,  can  at  the  very  most  be  represented  by  the 
diminution  of  the  earth's  radius  during  that  time ;  and  this  diminn- 
tion  will  be  small.  The  actual  relative  elevation  of  the  surface  of 
tbe  sediment,  if  there  be  any,  will  of  course  be  veiy  much  less  than 
the  change  of  radius. 

It  follows,  then,  that  the  expansion  theory  is  a  theory  of  sub- 
sidence, rather  than  a  theory  of  elevation. 

VI.— On  a  Miobosaitbiak  {Htlonomus  Wildi,  sp.  nov.)  from  thb 

Lamoashirk  Coal-field. 

By  Irthuk  Smith  Woodward,  F.G.S.,  F.Z.S. 

DURING  a  recent  examination  of  a  collection  of  fossils  made  by 
Mr.  George  Wild  in  the  Burnley  Coal-field,  Mr.  John  Ward, 
P.O.S.,  recognized  a  novelty  in  the  small  Microsaurian  which  forms 
the  subject  of  the  following  notes.     The  specimen  was  forwarded 

^  It  has  not,  however,  been  oyerlooked  by  the  Rev.  0.  Fisher.  <*Tbe  heat 
conducted  into  the  new  deposits,**  he  remarks,  ''must  be  abstracted  from  the 
coQchee  beneath,  so  that  there  can  be  no  absolute  increase  in  the  amount  of  heat 
beneath  the  area  in  question  except  such  as  is  supplied  to  it  laterally,  so  that  the 
process  must  be  excessively  slow  *  (Physics  of  the  Earth's  Crust,  second  edition, 
p.  132).  I  am  indebted  to  my  friend  Mr.  Fisher  for  drawing  my  attention  to  this 
paragraph,  which,  with  the  exception  of  the  last  few  words,  contains  in  a  condensed 
lonn  tbe  argument  that  follows. 
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to  the  British  Museam  for  determination,  and  a  detailed  study  of  its 
characters  proves  it  to  represent  a  Microsaurian  family  that  has  not 
previously  occurred  in  the  Carboniferous  of  Europe. 

The  fossil  was  obtained  from  the  roof  of  the  '*  Bullion  Coal "  at 
Trawden,  near  Colne,  and  comprises  the  head,  abdominal  r^on, 
and  base  of  the  tail  of  a  small  animal,  occupying  the  whole  of  an 
elongated  split  nodul«  0*08  m.  in  length..  The  jaw  cannot  have 
measured  less  than  0-017  in  length,  and  the  distance  between  the 
two  pairs  of  limbs  must  have  been  about  0*036.  lliere  are  also 
indications  that  the  trunk  was  comparatively  robust,  and  also  some- 
what laterally  compressed. 

Of  the  head,  no  recognizable  portions  remain  beyond  the 
mandibular  rami,  llie  ramus  of  the  left  side,  imperfect  at  both 
extremities,  is  shown  of  twice  the  natural  size  from  the  inner  aspect 
ill  Fig.  1,  md.,  and  exhibits  some  of  the  conical  teeth,  which,  though 
robust,  have  a  very  large  pulp  cavity  with  the  walls  apparently 
not  folded  even  at  the  base.  The  axial  skeleton  of  the  trunk  is  also 
unsatisfactorily  preserved,  the  remains  of  vertebrcB  merely  indicating 
that  they  were  well  ossified  and  not  permitting  the  determination  of 
their  characters.  Portions  of  some  of  the  anterior  ribs  (Fig.  1,  r) 
prove  their  stoutness,  with  an  expansion  both  proximal ly  and 
distally ;  but  whether  they  possessed  a  distinct  head  and  tubercle 
cannot  be  determined.  Traces  of  the  posterior  abdominal  and  caudal 
ribs  suggest  that  these  were  comparatively  slender. 

The  interclavicle  (Fig.  1,  t.  cl)  is  relatively  large,  and  seems  to 
have  been  rhomboidal  in  form,  though  the  margins  are  not  well 


FiQ,  1. — HyUnwnm  Wildi,  Bp.  nor. :  outlines  of  bones  and  dermal  scntes. — Coal- 
measures,  Trawden,  near  Colne.  d,  dorsal  scntes ;  f.  femur ;  t.  el.  InterclaTicle ; 
tV.  ilium ;  md,  mandibular  ramus ;  r.  anterior  ribs  (only  partially  exposed) ; 
Vf  v\  yentral  scutes.  All  the  fig^es  of  twice  the  natural  size,  except  r^,  which  is 
enlarged  four  times. 

shown.  It  must  have  been  at  least  as  long  as  broad,  and  the  exposed 
surface  is  distinctly  ornamented  with  radiating  rugSB  and  furrows. 
Of  the  pectoral  limb  there  are  only  obscure  indications.  In  the 
pelvic  arch  and  limb,  however,  some  of  the  bones  are  recognizable, 
notably  the  left  ilium  and  femur.  The  ilium  (Fig.  1,  t7.)  is  vertically 
elongated,  with  a  short  expansion  below,  a  mesial  constriction,  and 
a  gradual  widening  towards  the  truncated  upper  extremity.  At  its 
base,  part  of  a  thin  laminar  bone  probably  represents  the  ischium. 
The  ilium  is  almost  as  long  as  ihe  femur  (Fig.  1,/.),  which,  though 
fractured  and  perhaps  in  side   view,    seems  to  be  comparatively 
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Blender,  and  innst  bare  been  terminated  at  eacb  extremity  by  unos- 
sified  cartilage.  The  tibia  (?  or  fibula)  also  appears  to  bave  been 
slender,  eqaalling  about  one-balf  the  length  of  the  femur ;  but  its 
outline  is  not  satisfactorily  shown. 

The  dermal  setUes  cover  the  whole  of  the  trunk  so  far  as  presenred, 
all  being  oval  in  shape,  deeply  imbricating,  and  exhibiting  promi- 
nent concentric  lines  of  growth.  Those  of  the  ventral  armour  (Fig. 
1,  V.)  are  mnch  lai^er  than  those  of  the  dorsal  (d.) ;  and  the  former, 
when  magnified  (o^),  show  feeble  radiating  lines  either  superficial  or 
stmctnraL 

The  fossil  thus  described  may  be  assigned  without  much  doubt  to 
the  Microsanrian  family  of  Hylonomidas  as  restricted  by  Fritsch.^ 
So  far  as  known,  indeed,  it  cannot  be  separated  from  the  type  genus 
Bylonownu  itself,  llie  general  proportions  are  similar,  and  there 
are  the  same  indications  of  the  laterally  compressed  form  of  the 
trunk;  while  the  relative  stoutness  of  the  anterior  ribs  will  also 
donbtless  be  proved  to  characterize  the  typical  species  from  Nova 
Scotia  when  sufficiently  well  preserved  examples  are  discovered.' 
The  dosely  allied  genus  Hyloplesion  of  Fritsch '  is  distinguished  by  its 
short  interclavicle  with  a  long  posterior  process,  by  its  more  slender 
anterior  ribs,  and  by  the  relatively  smaller  size  of  the  ilium ;  and 
the  remaining  genera  are  excluded  from  comparison  by  equally 
obrious  characters.  Upon  present  evidence  it  is  thus  proposed  to 
regard  the  Microsanrian  from  the  Lancashire  Ooal-Measures  as  a 
apeoies  of  Bylonomus ;  and  as  this  appears  to  be  new,  it  may  appro- 
priately bear  the  name  of  ^.  Wildi,  in  honour  of  its  discoverer,  Mr. 
George  Wild,  whose  long-continued  researches  in  the  Burnley  Coal- 
field, especially  in  connection  with  the  Carboniferous  Flora,  are  well 
known.  Among  distinctive  specific  characters  may  be  enumerated 
the  form  and  proportions  of  the  mandible  and  dermid  armour ;  while 
the  precise  contour,  size,  and  ornament  of  the  interclavicle  will  not 
improbably  prove  to  be  of  diagnostic  value  when  this  element  is  dis- 
covered in  the  several  species  from  Nova  Scotia. 


YII. — Obskbvattons  om  a  Exupir  Conolomeratb  and  on  a  Brxgcia, 

BOTH  BbOBNTLT  ExFOSXD  IN  THB  NxiOHBOUBHOOD  OF  BbIBTOL. 

By  T.  Stock,  Esq. 
1.  A  conglomerate  in  the  Keuper. — Whilst  a  drain  was  being  cut  in 
Argyle  Street,  joining  Upper  and  Lower  Eastvilles,  one  of  the  upper 
beds  exposed  consisted  of  a  rather  fine  conglomerate,  made  up  largely 
of  rolled  quartz  pebbles  of  small  size,  compacted  with  rounded 
quartz  sand  and  intermixed  with  coloured  fragments  (generally 
very  small  flakes)  of  softer  shale  or  clays.  I  did  not  measure  the 
thickness  very  carefully,  but  I  should  think  that  it  did  not  exceed 

^  A.  Fritsch,  Fauna  der  Gaskohle,  vol.  i.  p.  169. 

»  Sir  J.  W.  Dawson,  Gbol.  Mag.  [3]  Vol.  VIII.  p.  162. 

'  A.  Fritsch,  torn,  eit,  p.  160.  Hf/topletion  is  considered  to  be  identical  with 
BtfloHomut  by  Credner  (Zeitscbr.  deutscb.  geol.  Ges.  vol.  ixxvii.  p.  734) ;  but  tliis 
identification  is  very  doubtful,  as  lately  remarked  by  Sir  J.  William  Dawson  (Geol. 
lUo.[3]VoLVllI.  p.  163). 
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six  inches,  and  as  the  drain  is  now  filled  up,  the  means  of  more 
accurate  measurement  are  lost  The  distance  from  the  nearest 
denuded  edge  of  the  Coal-measures  is  as  nearly  as  possible  half  a 
mile.  Also,  in  making  a  drain-cutting  in  Heath  Street,  connecting 
the  two  Eastvilles,  and  about  a  quarter  of  a  mile  nearer  Stapleton 
than  the  last,  but  about  the  same  distance  from  the  Coal-measures, 
another  conglomeratic  bed  was  exposed,  in  which,  however,  tlie 
quartz  pebbles  were  smaller.  As  the  Keuper  beds  lie  horizontally* 
or  nearly  so,  in  this  district,  the  second  bed  may  be  a  continuation 
of  the  first,  the  altitudes  being  approximately  similar.  There  is 
nothing  to  show  that  this  conglomerate  differs  much  from  no  oat 
others,  in  respect  of  derivation,  being  probably  composed  of  the 
worn-down  materials  of  preexisting  formations,  of  rocks  perhaps  for 
the  most  part  of  Coal-measure  age.  The  fineness  of  the  conglome- 
tate  would  naturally  be  attributed  to  its  greater  distance  from  the 
shore.  The  traces  of  green  clay  or  shale  may  be  referred  with  some 
probability  to  the  Coal- measure  shales,  which  are  often  variegated  in 
this  vicinity  and  highly  coloured,  as  may  be  seen  in  the  section 
at  the  Easton  Brickworks  and  elsewhere.  Apart  from  the  question 
of  conglomerates,  I  think  I  have  evidence,  which  requires  however 
to  be  carefully  weighed  and  reexamined,  of  the  using  up  of 
contemporary  materials,  in  the  formation  of  certain  Jurassic  and 
Coal-measure  shales,  in  which  there  was,  as  is  well  known,  frequent 
subsidence  and  elevation.  The  evidence  to  which  I  refer  is  a  few 
instances  in  Somersetshire  and  Gloucestershire  of  well-preserved 
fossils  occurring  upon  natural  casts  of  fossils,  and  the  occurrence  of 
what  I  believe  are  pebbles  of  coal. 

I  may  also  mention  that  I  have  obtained  or  seen  a  good  many 
quartz  pebbles  in  the  Bhsdtic  bone  breccia  at  Anst ;  but  as  I  have  not 
access  to  much  of  the  literature  of  the  Bhsatic,  I  cannot  say  whether 
the  fact  has  been  noted  or  not  by  others  before. 

2.  A  Dolomitic  ?  Breccia  in  the  parish  of  Alveston,  Gloucestershire. 
— My  friend  Mr.  Olive,  of  Greenhill,  lately  drew  my  attention  to  an 
interesting  little  section  exposed  whilst  making  a  boundary-wall 
on  his  property.  It  consists  of  a  series  of  thin  beds  lying  horizon- 
tally, the  upper  ones  being  much  brecciated,  the  thick  basement  bed 
being  homogeneous.  The  included  fragments  of  the  neighbouring 
Carboniferous  Limestone  are  distinctly  angular,  being  in  fact  distinctly 
a  breccia,  and  not  a  conglomerate.  One  would  naturally  suppoae 
that  this  must  be  an  outlier  or  continuation  of  the  neighbouring 
dolomitic  conglomerate,  which  is  marked  on  the  Geological  Survey 
Map  as  running  up  triangularly  to  near  this -spot.  If  so,  it  is 
interesting  as  an  example  of  a  conglomerate  passing  into  a  breccia, 
on  account  of  its  closeness  to  neighbouring  Carboniferous  Limestone 
cliffs.  The  bedding  is  also  interesting,  as  also  its  (apparent) 
horizontality.  I  do  not  feel  sure  whether  it  may  not  be  a  breccia 
of  later  age.  The  matrix  is  apparently  dolomitic,  approaching, 
however,  in  appearance,  some  of  the  Lower  Liassic  or  even  Oolitic 
beds ;  but  I  must  leave  the  matter  in  the  hands  of  more  experienced 
geologists. 
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I— SkUBINGSMJIRKKB  OO  MOBJSMEGBUS  1FT1RVI8T  I  FlMMARKKN  FRA. 
SN  PBRIOPB  MEOET  JILDRB  END  *'  I8TIDBN."     Udgivet  af  Dr.  HaNS 

Rbusch.       (Med   "An    English  Summary   of  the  Contents.") 
Norges  geol.  nndersogelses  Aarbog  for  1891,  pp.  1-11. 
Glaoial-btrije  and   Boulder-olat  in  Finmark,  belonging  to  a 

PERIOD     MUOU     OLDER   THAN     THE     "  ICB    Agb."        Bj    Dr.   HaNS 

Rkt78GH,  Director  of  the  Geological  Survey  of  Norway. 

THE  northern  shores  of  the  interior  of  the  Yarangertjord,  at  the 
far  north  of  the  Scandinavian  Peninsula,  consist  of  a  low  range 
of  hills,  mainly  of  sandstone  and  conglomerate,  the  beds  of  this 
latter  rock  reaching  a  thickness  of  50  metres.  The  conglomerate  is 
entirely  unstratified ;  it  is  composed  of  stones  and  small  boulders, 
about  the  size  of  one's  head,  of  ArchsBan  gneiss,  granite  and  diorite, 
with  a  slight  admixture  of  fragments  of  dolomite  and  quartz,  which 
ai*6  irregularly  scattered  in  a  ground-mass  of  reddish  clayey  sand- 
stone. The  general  appearance  of  this  rock  so  much  resembled 
Boulder-clay  that  Dr.  Beusch  was  induced  to  search  the  stones  in  it 
carefully,  and  he  found  definite  well-marked  scratches  on  some  of 
the  fragments  of  dolomite,  whilst  the  surfaces  of  some  of  the  pieces 
of  harder  rock  were  smooth  and  even,  with  traces  of  striaa.  These 
markings  were  precisely  similar  in  character  to  those  produced 
by  ice-action  on  the  same  kinds  of  rock  in  comparatively  recent 
Boulder-clay,  and  could  readily  be  distinguished  from  slickenside 
markings  which  were  found  to  be  present  in  the  conglomerate  as 
well.  The  evidence  of  ice-action  was  further  shown  by  the  presence 
of  BtriaB  and  grooves  on  the  surface  of  a  hard  sandstone  immediately 
beneath  the  conglomerate,  which  had  been  laid  bare  by  the  weathering 
away  of  this  latter.  The  strias  appeared  to  belong  to  two  systems, 
and  they  could  be  traced  up  to  and  beneath  the  conglomerate.   • 

The  geological  age  of  these  ice-marked  sandstones  and  con- 
glomerates has  not  yet  been  satisfactorily  determined ;  by  Dr.  Dahll 
they  are  considered  as  Permian,  but  Dr.  Reusch  thinks  that  they 
belong  more  probably  to  some  portion  of  the  Cambro- Silurian  series, 
which  prevails  so  extensively  in  Scandinavia;  hitherto  no  traces 
of  fossils  have  been  found  in  them.  If  tliis  view  is  correct,  the 
discovery  of  what  appeare  to  be  satisfactory  and  conclusive  evidence 
of  the  presence  of  glacial  action  at  this  far  distant  period  is  a  matter 
of  considerable  geological  interest.  In  the  paper  Dr.  Beusch  gives 
figures  of  the  scratched  stones,  with  profiles  and  sketches  of  the 
rocks  in  which  they  occur.  Q.  J.  H. 


IL — ^Natural  History  Transaotions  of  Northumberland,  Durhait, 
AND  Newoastle-upon-Tynb.     Vol.  X.  Part  II.  (1890.) 

TWO  important  contributions  to  the  Geology  of  Northumberland 
and  Durham,  by  Mr.  Richard  Howse,  are  comprised  in  the 
latest  part  of  these  Transactions.  The  first  is  a  short  paper  on  the 
South  Durham  Salt  Borings,  with  remarks  on  the  fossils  found  in 
the  Magnesian-Limestone  cores,  and  the  geological  position  of  the 
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salt  Mr.  Howse  attempts  to  prove  the  identity  of  the  Upper  Lime- 
Btone  in  the  salt-borings  in  South  Durham  with  the  Brotherton 
Beds  in  South  Yorkshire,  and  th«  identity  of  both  of  these  with  the 
Plattendolomit  of  Germany.  He  also  regards  the  lowest  deposit 
of  Rock  Salt  as  of  Permian  age.  The  second  contribution  is  a 
''Catalogue  of  the  Local  Fossils  in  the  Museum  of  the  Natural 
History  Society  of  Newcastle-upon-Tyne,"  which  occupies  sixty 
pages,  and  was  orginally  issued  as  a  separate  publication  at  the  time 
of  the  British  Association  Meeting  in  1889.  This  is  interspersed 
with  numerous  notes  on  stratigraphy,  which  are  rendered  invaluable 
by  Mr.  Howse's  long  experience  in  the  detailed  study  of  the  district 
I'he  localities  from  which  the  specimens  were  obtained  are  men- 
tioned under  each  species,  and  a  reference  is  given  to  the  record  of 
its  occurrence  when  already  published. 

III.  —  DeBORIFTION  DES  SviNITES  NflPHtLTNIQUES  DE  PoUZAO 
HAUTSS-PYBl^NflES)  ET  DB  MONTREAL  (CaNADA)  BT  DE  LKUB8 
PHgNOMiNRS    DE    OONTAOT.        By    M.    A.     LaOROIX.        (Bull.    SOG. 

geoL  France  (3),  xiii.  1890,  No.  7,  pp.  611-68,  pis.  ix.-xii.) 

THE  many  important  contributions  to  our  knowledge  of  the 
nepheline  syenites  made  during  the  past  few  years  by  Brogger 
Tornebohm,  Van  Werwerke,  Derby,  and  others,  have  received  an 
important  accession  in  the  above  Memoir  by  M.  Lacroix.  He  here 
describes  in  detail  the  nepheline  syenites  of  Pouzao  and  Montreal 
and  their  contact  phenomena.  At  the  former  the  rock  is  intrusive 
into  a  limestone,  which  is  probably  Cretaceous;  the  rock  is  of 
especial  interest  in  connection  with  the  alteration  products.  Thus 
the  nepheline  has  given  rise  to  (1)  zeolites  such  as  mesotype  and 
hydronephelinite ;  (2)  to  white  mica  (gieseckite)  ;  (8)  to  garnets 
(of  the  ouwarowite  type),  which  either  replace  the  whole  of  the 
nepheline  or  are  developed  along  the  cleavage- planes  ;  (4)  to 
cancrinite ;  the  amphibole  (barkevicite)  is  altered  to  green  mica, 
and  the  pyroxene  is  often  suri-ounded  by  a  zone  of  aegyrine.  Oa 
the  selvage  the  rock  passes  into  a  variety  in  which  the  magnetite, 
apatite,  sphene,  etc.,  and  the  ferromagnesian  minerals  (that  is  to  say, 
those  of  the  first  two  phases  of  the  first  stage  of  consolidation)  are 
absent,  and  the  sodic  minerals  (nepheline  and  sodalite)  are  replaced 
by  a  felspathic  microlitic  growth ;  the  result  is  a  rock  comparable 
to  the  tinguaites  of  Prof.  Bosenbusch,  which  in  Brazil  and  Portugal 
are  regarded  as  apophyses  from  nepheline  syenite.  Dipyre,  actino- 
lite,  and  pyrites  occur  in  the  limestone  at  the  contact 

The  nepheline  syenite  of  Mont  Hoyal,  Montreal,  pierces  the 
Trenton  limestone,  and  is  itself  of  Silurian  age.  It  is  the  principal 
member  of  a  group  of  igneous  rocks  which  includes  some  diabases, 
teschenites,  and  porphyrites.  The  diabases  and  teschenites  both 
belong  to  a  series  resulting  from  the  solidification  of  the  same 
mngma ;  the  teschenites  differ  from  the  diabases  in  the  presence  of 
nepheline  and  sodalite ;  when  olivine  also  occurs,  the  rock  becomes 
one  of  the  true  teschenites  (of  Fouque  and  Michel-Levy)  or  theralites 
of  Bosenbosch. 
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The  normal  porphyrites  are  probably  microlitic  forms  of  the  diabase, 
jnst  as  the  nephelinites  with  whioh  the  former  are  associated  (occur- 
ring especially  at  the  Mile  End  Quarries)  are  of  the  teschenites.  At 
St.  Anne  there  is  a  melilite  of  the  same  age  as  the  other  rocks  of 
this  group — a  point  of  interest,  as  this  Tariety  has  hitherto  been 
regarded  as  confined  to  the  Oainozoic. 

The  dominant  type  of  the  nepheline  syenite  is  a  rock  with  granitic 
stmcture  and  composed  of  grey  or  pink  felspar,  nepheline,  sodalite» 
amphibole,  pyroxene,  and  mica.  The  complete  list  of  minerals 
numbers  twenty-one,  and  these  are  all  described  in  detail ;  the  altera- 
tion products  are  similar  to  those  of  Pouzac.  There  are  also  some 
pegmatitic  veins.  Amongst  the  most  important  points  in  the  memoir 
are  those  connected  with  the  contact  alteration  of  the  rock :  at  places 
the  normal  structure  is  retained  at  the  junction,  but  in  other  cases 
the  rock  is  profoundly  altered  for  a  distance  of  some  metres ;  the 
Tariations  afford  a  complete  transition  from  the  granitic  (grenu)  to 
the  trachytio  types  of  structure,  t.e.  from  the  normal  syenite  to  the 
"  microsyenite  " — a  term  he  proposes  owing  to  the  analogy  between 
this  rock  and  the  microgranites.  The  large  dyke  gives  off  small 
branches  which  traverse  the  limestone,  and  these  are  often  composed 
of  many  alternating  zones  of  the  granitic  and  trachytio  rocks.  These 
dykes  further  lead  to  the  mica  porphyrites ;  the  sodalite  and  nepheline 
are  absent  either  owing  to  original  poverty  in  soda,  or  to  the  greater 
influence  of  the  endomorphic  alterations  on  these  thinner  veins. 
The  extent  of  the  alteration  of  the  limestone  at  the  contact  varies 
greatly;  the  minerals  developed  in  the  limestone  are  diopside, 
wollastonite,  garnet,  perowskite,  and  more  rarely  biotite,  sphene, 
zircon,  and  felspars.  The  junction  is  sometimes  marked  by  a  band 
of  cancrinite ;  but  when  the  felspar  is  abundant,  a  zone  occurs  which 
may  belong  to  either  the  eruptive  or  metamorphic  rock. 

The  memoir  is  illustrated  by  twenty -six  figures  of  rock-sections, 
while  the  great  range  in  the  variations  of  the  rocks  is  further  well 
brought  out  by  the  abundant  use  of  M.  Michel-Levy's  formulao. 
H.  Lacroix,  it  is  interesting  to  note,  rejects  at  the  outset  the  use  of 
the  term  elaeolite  syenite,  and  he  lays  special  stress  in  his  concluding 
paragraph  on  the  identity  in  structure  and  mineralogical  composition 
of  rocks  of  Silurian  age  in  Canada  with  those  intrusive  in  the 
Cretaceous  Limestone  of  the  Pyrenees.  J.  W.  G. 

IV.— Phbnomkna  op  the  Glacial  Epoch.  Part  II.  The  Great 
Submergence.  By  Ddoalo  Bell.  Trans.  Geol.  Soo.  Glasgow, 
Vol.  IX.  pp.  100-138. 

BY  this  Memoir  the  author  has  added  another  name  to  the 
growing  list  of  papers  written  in  opposition  to  the  supposed 
glacial  submergence  of  England  and  W^ales  to  the  depth  of  over 
1300  feet.  He  summarizes  all  the  evidence  in  favour  of  this  view, 
and  then  subjects  it  to  a  careful  examination,  with  the  result  of 
dismissing  it  as  absolutely  valueless.  A  submergence  of  500  feet 
is  admitted,  but  this  the  author  attributes  to  the  elevation  of  the  sea- 
level  by  the  atti*action  of  the  polar  ice-cap  heaping  up  the  water  in 
the  northern  latitudes.  J.  W.  G. 
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I. — Thb  Naturalist  Of  Cumbrae.  A  True  Story:  Being  the 
Life  of  David  Bobertson.  By  the  Rev.  ThomaH  R.  R  Stebbing, 
M.A.  8vo.  pp.  398.  (Kegan  Paul,  Trench,  Triibner  &  Co., 
London,  1891.) 

MR.  ROBERTSON  is  well  known  to  geologists  through  his 
researches  on  the  Ostracoda  and  Foraminifinra  of  the  later 
Tertiary  or  Quaternary  deposits ;  and  in  these  studies  he  has  been 
associated  with  Dr.  G.  8.  Brady  and  the  Rev.  H.  W.  Crosskey. 
The  living  forms  of  these  minute  organisms  have  likewise  engaged 
much  of  his  attention,  and  in  the  course  of  dredging  investigations 
over  a  wide  area  around  the  British  Isles,  he  has  added  largely  to 
our  knowledge  of  Marine  Zoology  and  Botany.  A  very  pleasant 
story  of  his  life  is  given  by  Mr.  Stebbing  in  the  volume  before  na, 
and  although  Mr.  Robertson  is  still  enjoying  the  fruits  of  a  well- 
spent  life,  yet  being  in  his  85th  year,  his  work  is  practically  accom- 
plished, and  no  apology  is  needed  for  the  publication  of  the  book. 

Born  in  a  humble  sphere  of  life,  and  losing  his  father  when  quite 
an  infant,  David  Robertson  was  supported  in  early  years  by  the 
labours  of  his  mother,  and  under  these  circumstances  he  received 
but  a  year's  regular  schooling  between  the  ages  of  7  and  8.  Then 
he  gained  employment  on  a  farm  in  Lanarkshire,  and  for  some  years, 
under  dififerent  masters,  he  was  engaged  chiefly  in  agricultural  work, 
obtaining  an  occasional  change  for  short  intervals  in  quarry-work 
and  in  the  weaving-trade.  Thus  was  he  occupied  until  he  reached 
the  age  of  24,  without  having  made  any  position  for  himself,  although 
all  along  he  was  desirous  of  bettering  his  circumstances.  He  gained 
what  education  he  could  by  attending  night-classes  and  by  the  loan 
of  books,  whenever  any  were  to  be  had ;  and  it  is  noteworthy  that 
the  Travels  of  Mungo  Park  and  the  Natural  History  books  of  Buffon 
and  Goldsmith  thus  came  into  his  hands.  Two  of  Robertson's  old 
playmates  had  now  entered  the  College  at  Glasgow,  as  Divinity 
students,  and,  remarkable  as  it  seems,  he  was  fired  with  the  ambition 
to  become  a  Medical  student  His  friends  naturally  enough  tried  to 
dissuade  him ;  but  he  obtained  an  interview  with  the  Anatomical 
Professor,  and  received  the  encouraging  assurance  that  by  industry 
he  might  accomplish  his  desires.  He  resolved  to  enter  the  College, 
and  gaining  employment  with  a  dyer,  whereby  he  was  enabled  to 
support  himself  in  a  frugal  way,  he  pursued  his  studies  with  zeal. 
During  the  next  few  years  (1831-34)  he  duly  attended  tlie  College 
courses,  and  gained  the  needful  certificates.  He  subsequently  learned 
Dispensing  at  a  shop  in  Glasgow,  and  obtained  some  practical 
experience  in  Medicine  and  Surgery  at  the  Infirmary. 

Now,  however,  at  the  age  of  30,  when  ready  to  go  up  for 
examination,  circumstances  entirely  altered  his  cai'eer.  He  became 
enamoured  of  the  daughter  of  the  dyer,  a  maiden  who  had  charge  of 
a  crockery- business  that  belonged  to  her  father.  There  was  the 
opportunity  for  Robertson  to  take  charge  of  a  similar  business,  and 
it  set  him  meditating  on  his  prospects.    He  wisely  came  to  the  con- 
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elusion  tbat  business  offered  him  better  chances  of  making  an  income 
than  the  work  of  a  doctor.  His  friends,  as  well  as  the  College 
authorities,  now  urged  him  to  proceed  with  his  medical  work ;  but 
be  had  made  up  his  mind.  He  married  and  set  up  in  business,  with 
seven  pounds  in  hand  to  furnish  his  house  and  stock  his  shop.  Right 
well  he  and  his  wife  succeeded,  so  that  the  buRiness  steadily  increased. 
He  made  journeys  to  the  Potteries  and  to  Hamburgh  so  as  to  buy 
direct  from  the  manufacturers,  and  by  dint  of  hard  work  succeeded 
by  the  year  1860  in  accumulating  a  sufficient  fortune  to  retire  in 
comfort. 

As  early  as  1837,  however,  Mr.  Robertson  began  his  natural 
history  studies.  ''Between  the  years  1850  and  1860  natural  history 
pursuits  and  business  occupations  overlapped  one  another,  but  the 
true  naturalist '  has  no  time  for  money-making,'  and  accordingly 
tbe  time  came  when  science  extinguished  commerce." 

He  then  obtained  a  house  known  as  Fern  Bank,  at  Millport  in 
Great  Gumbrae,  an  island  in  the  Firth  of  Olyde.  To  this  island  he 
bad  frequently  gone  for  relaxation  in  previous  years,  and  although 
be  continued  to  reside  for  some  years  principally  at  Glasgow,  yet 
since  1886  the  little  island  has  been  the  permanent  home  of  the 
Naturalist. 

Bather  more  than  half  the  volume  is  devoted  to  an  account  of 
Mr.  Robertson's  scientific  labours,  of  his  dredging  explorations,  and 
of  tbe  Naturalists  with  whom  he  became  associated ;  amongst  whom 
Dr.  Harvey,  Dr.  Baird,  the  Rev.  A.  M.  Norman,  Dr.  Gwyn  Jeffreys, 
Dr.  Dobm,  and  others.  There  are  reminiscences  of  Thomas  Edward, 
whose  history,  as  Mr.  Stebbing  remarks,  tends  *'  to  cast  something 
of  a  sombre  gloom  over  scientific  pursuits."  He  adds,  **  It  is  well 
tbat  it  should  be  seen  that  there  is  no  necessary  connexion  between 
an  intense  love  of  nature  and  a  deplorable  condition  of  a  man's 
private  affairs."  Mr.  Robertson,  however,  was  evidently  too  much 
of  a  business  man  to  neglect  trade  in  the  pursuit  of  his  hobbies,  and 
after  successfully  fighting  the  battle  of  life,  he  has  done  excellent 
service  in  the  cause  of  science.  H.  B.  W. 


II. — The  Perisomio  Platks  of  the  Cbinoids.  By  Charles  Wachs- 
iiUTH  and  Frank  Springer.  Proc.  Acad.  Nat.  Sci.  Philadelphia, 
1890,  Part  III.  pp.  345--392,  Pis.  IX.  X.  (February,  1891). 

11HIS  paper,  although  in  the  importance  of  the  facts  which  it 
makes  known  it  can  hardly  rank  with  the  same  authors*  recent 
paper  on  the  ventral  structure  of  Taxocrtnus  and  Haplocrinus,^  will 
nevertheless  mark  an  important  advance  in  the  history  of  Crinoid 
Morphology. 

The  authors  divide  the  skeletal  elements  of  a  Crinoid  into  primary 
and  secondary.  Primary  elements  include  (a)  the  Abactinal  plates, 
developed  on  the  right  antimere  and  connected  with  the  axial 
nerve-cords,  viz.  stem-ossicles,  infrabasals,  basals,  radials,  and  all 

^  **  DiflcoTery  of  tbe  ventral  structure  of  Taxoermus  and  HaplocnnuB^  and  con- 
sequent modifications  in  tbe  classification  of  tbe  Crinoidea,''  Proc.  Acad.  Nat.  Sci. 
mladelphia,  1888,  part  iii.  pp.  887-363,  pi.  znii.  (February,  1889). 
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brachials,  and  {b)  the  Aotinal  plates,  developed  on  the  left  antiiners 
and  connected  with  the  mouth,  viz.  orals  and  all  plates  of  the 
ambulacra.  The  secondary  or  supplementary  elements  are  all  the 
interradial,  interbrachial  and  interambulacral  plates,  including  the 
anal  plates  and  plates  of  the  tube  or  sac.  These  apparently  are  what 
they  call  '*  perisomic/'  although  the  term  would  seem  legitimately 
applicable  only  to  plates  that,  one  way  or  another,  form  part  of 
the  calyx. 

The  title,  however,  in  no  way  does  justice  to  the  contents  of  the 
paper.  For  the  authors  discuss  the  homologies  first  of  the  plates 
of  the  ventral  surface  generally,  secondly  of  the  anal  plates ;  and  as 
side-issues,  but  important  ones,  they  treat  of  the  interradial  plates 
and  of  the  large  plates,  hitherto  ceJled  interradials,  seen  in  the 
tegmen  of  the  Gyathocrinidao. 

Those  who  have  regarded  the  question  in  a  purely  morphological 
aspect  have  long  doubted  the  existence,  at  least  in  .many  cases,  of 
a  '*  vault,*'  by  which  was  meant  that  outer  roof  of  plates  supposed, 
in  the  Camerata,  to  conceal  another  integument,  often  plated,  homo- 
logous with  the  so-called  *'  disk "  of  an  Antedon.  Thus  Dr.  P.  H. 
Carpenter  in  his  "Challenger"  Report  on  the  Stalked  Crinoida 
(1884),  although  he  still  allowed  a  ''vault"  to  the  Actinocrinidas, 
could  not  accept  it  for  the  Reteocrinidaa,  Ichthyocrinidaa,  and  most 
of  the  Platycrinidsd.  The  admission  of  Messrs.  Wachsmuth  and 
Springer  (Revision  III.)  that  the  calyx  interradials  were  continuous 
with  those  of  the  "  vault  '*  seemed  inconbistent  with  the  presence  of 
other  interradials  in  a  supposed  ''  disk  "  beneath  the  ''  vault  '* ;  the 
growth  of  plates  outward  and  downward  from  the  orals  and  upward 
from  the  interradials,  through  regions  where  no  connective  tissue 
previously  existed,  the  two  meeting  in  air  like  a  cantilever  bridge, 
was  incomprehensible;  while  the  grave  statement  that  the  plates 
of  such  a  "vault"  corresponded  one  for  one  with  the  plates  of 
the  underlying  **  disk "  (Revision  III.  60)  showed  the  untenability 
of  the  whole  hypothesis,  lliere  were— as  there  are  still — certain 
difficulties  in  any  other  explanation;  but  the  paper  of  Messrs. 
Wachsmuth  and  Springer  on  Taxoerinus,  etc.,  furnished  so  complete 
«  set  of  links  between  the  "  disk  "  and  the  "  vault "  that  doubt  was 
no  longer  possible,  and  in  April,  1890,  the  present  writer  denied 
the  existence  of  any  structure  covering  the  disk,  and  proposed  in  all 
cases  to  use  the  word  tegmen  (Ann.  Mag.  Nat.  Hist.  [6]  v.  p.  313). 

Messrs.  Wachsmuth  and  Springer  have  now  confirmed  this  con- 
clusion by  finding  satisfactory  homologies  for  the  plates  of  the 
tegmen  in  ActinocrinidsB.  The  simplest  form  of  tegmen  in  Crinoids 
consists  of  only  five  plates,  interradially  disposed,  that  meet  over 
the  mouth  and  are  called  orals :  this  is  now  regarded  as  also  the 
earliest  form.  It  is  supposed  that,  to  increase  the  calycal  cavity, 
interradial  plates  were  developed  between  the  radial s,  while  similar 
interambulaeral  plates,  as  well  as  extensions  of  the  amhulaeral  plates, 
gradually  intervened  between  orals  and  radials.  The  orals  might 
disappear  or  remain.  As  the  lower  parts  of  the  arms  became  in- 
corporated in  the  dorsal  cup,  more  and  more  amhulaeral  and  inter- 
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ambulacral  plates  naturally  came  into  the  tegmen.  The  plates  of 
the  tegmen  were  at  first  small  and  yielding,  as  in  the  IchthyocrinidiB 
and  in  most  recent  Crinoids ;  in  this  state  when  the  arms  are  open 
the  ventral  surface  is  depressed,  when  they  are  closed  it  bulges 
upwards.  To  afford  better  protection  to  the  viscera  the  tegminal 
plates  became  more  solid ;  the  tegmen  being  thus  less  flexible  was 
fixed  perforce  in  its  protruded  state.  The  covering-plates  of  the 
ambulacra  had  perhaps  been  closed  from  the  beginning,  but  as, 
throogh  the  upswelling  of  the  tegmen,  they  were  now  more  exposed, 
further  protection  was  needed.  Consequently  they  were  lowered 
beneath  the  surface  and,  starting  from  the  solid  orals,  interambu- 
lacral  plates  closed  in  over  them.  Certain  of  the  covering-plates 
however,  especially,  it  would  appear,  the  axillary  pieces,  which 
perbaps  could  not  so  easily  be  covered  by  other  plates,  became 
much  stouter  and  were  still  exposed  on  the  surface  as  solid  radial 
dome  plates.  In  any  form  highly  developed  along  these  lines,  e.g, 
Batoerinns,  the  food-grooves,  water-vessels  and  blood-vessels  are 
sunk  right  beneath  the  tegmen  and  are  enclosed  in  a  tube  consisting 
of  alternating  ambulacral  or  covering  plates  above  and  adambulacrai 
or  side  plates  below.  The  in  terambu  lacral  plates  of  the  tegmen 
send  curious  extensions  into  the  interior  of  the  calyx,  and  these 
extensions,  spreading  out,  form  what  was  formerly  supposed  to  be  a 
disk.  We  may,  with  Messrs.  Waohsmuth  and  Springer,  regard  the 
extensions  as  caused  by  the  perforation  of  the  plates  for  water* 
canals ;  or  we  may  regard  them  as  simple  processes  for  the  purpose  of 
adding  strength,  without  forgoing  lightness,  by  a  system  of  girders. 
In  the  Inadunata  Fistulata  the  dorsal  cup  never  extended  beyond 
the  radials,  and  the  tegmen  was  not  developed  to  the  same  extent  as 
in  the  Camerata.  The  orals  did  not,  however,  always  persist  in  the 
simple  stage  in  which  they  occur  in  the  Larviformia ;  in  many  cases 
they  were,  in  the  opinion  of  the  authors,  entirely  resorbed,  while 
their  places  were  taken  '*by  large  covering  plates,  of  which  the 
proximal  ones  joined  in  the  center."  Ambulacral  and  sometimes  a 
small  number  of  interambulaoral  plates  occur  in  the  tegmen  of  the 
CyathocrinidsB ;  besides  there  are  four  large  plates,  one  in  each 
interradius  except  the  posterior,  which  rest  against  the  radials,  meet 
laterally  beneath  the  ambulacra,  and  may  be  covered  to  a  varying 
extent  by  small  interambulacral  plates.  In  the  posterior  interradius 
there  lies,  between  the  ventral  sac  and  the  mouth,  a  plate  often  very 
similar  in  shape  and  position  to  these  fonr.  This  plate  is  stated  by 
our  authors  to  be  **  profusely  perforated  "  in  various  Lower  Carbon* 
iferous  CyathocrinidsB,  and  they  state  that  on  either  side  of  it  lies 
a  small  narrow  plate  which  meets  the  large  plate  of  the  adjacent 
interradius  beneath  the  ambulacrum.  These  two  narrow  plates  are 
quite  new  discoveries.  Once  upon  a  time  the  five  large  plates  were 
considered  to  be  orals,  a  view  subsequently  abandoned  by  Wachsmuth 
and  Springer  and  P.  H.  Carpenter  owing  to  the  passage  of  the 
ambulacra  over  and  not  between  the  edges  of  the  plates.  Wachsmuth 
and  Springer  have  since  then  regarded  them  as  interradials ;  this 
view  ikey  now  drop  because  the  plates  **  support  the  ambulacra  and 
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are  covered  by  periBome,"  and  because  in  the  posterior  interradiaa 
they  do  not  rest  on  the  special  anal  plate.  They  now  believe  that 
"  the  perforated  plate  is  a  true  anambulacral  plate,  analogous  with 
the  perforated  limestone  particles  at  the  disk  of  recent  Crinoids," 
and  that  the  two  narrow  plates  and  ''  possibly  also  the  four  larger 
ones,  wholly  or  in  part,  are  subambulaoral  plates." 

This  view  is  absolutely  new  and,  if  proved,  of  great  importance ; 
its  adequate  discussion  is  beyond  the  limits  of  a  review,  but  we 
cannot  refrain  from  a  few  remarks.  What  do  the  authors  mean  by 
''subambulaoral  plates"?  The  term  was  proposed  by  Job.  Miiller 
in  1854  for  a  series  of  median  plates  lying  beneath  the  food-groove 
of  Pentacrinus  asieria,  and  therefore  radial  in  position  like  the 
lancet-plates  of  the  Blastoids.  But  the  plates  now  under  discussion 
are  interradial  in  position,  and  only  their  edges  are  immediately 
beneath  the  food -groove.  This  difficulty  must  have  been  seen  by 
the  authors  themselves,  for  they  say:  "interradial  plates,  as  the 
term  denotes,  cannot  be  svbamhulaeraV*  It  is  hard  to  see  how 
they  better  their  position  by  the  suggestion  that  these  plates  are 
homologous  with  the  deltoids  of  Blastoidea,  and  that  they  each 
consist  of  a  median  interradial  plate  fused  with  two  lateral  plates 
that  underlie  the  ambulacra.  Not  only  is  this,  as  they  admit, 
unsubstantiated  hypothesis,  but  if  proven,  while  it  would  leave  an 
interradial  portion  still  to  be  accounted  for,  would  not  make  the 
lateral  portions  one  whit  the  more  subambulaoral,  although  they 
might  then  be  considered  as  adambulacral. 

We  do  not  here  wish  to  maintain  that  the  plates  are  orals,  but 
the  authors  hardly  seem  to  have  given  good  reasons  for  the  rejection 
of  that  view.  How  do  they  know  that  ambulacra  cannot  pass  over 
the  edges  of  orals  ?  The  change  may  have  taken  place  gradually, 
and  is  no  more  impossible  than  the  sinking  of  ambulacra.  They 
must  show  both  orals  and  these  interradial  plates  coexisting  in  some 
particular  specimen ;  and  this  they  do  appear  to  state  on  p.  357 : 
''That  the  plates  are  not  orals  is  further  proved  by  the  fact  that 
there  are  in  Cyathocrinus  iotoensis  other  large  plates  covering  the 
peristome,  which  natui-ally  represent  them."  But  they  do  not  say 
how  they  distinguish  the  partly  resorbed  orals  from  the  large 
covering  plates  that,  in  the  same  specimen  (pi.  z.  fig.  8),  are  stat^ 
to  join  in  the  centre. 

Then  again  the  plates  are  stated  not  to  be  interradials,  because 
they  are  covered  by  perisome;  but  have  the  authors  ever  seen  a 
specimen  in  which  these  plates  existed  but  were  entirefy  hidden  by 
interambulacral  plates?  If  so,  it  would  have  been  well  to  have 
definitely  stated  as  much;  and  even  then,  why  should  not  an 
interradial  plate  sink  below  others  until  it  is  covered  by  them  ? 

Some  argument,  which  we  do  not  follow,  is  based  on  the  "  per- 
forated "  plate  or  "  madreporite."  Now  this  plate  has  been  known 
for  some  time,  and  presents  all  stages  of  folding,  rugosity,  and 
pitting,  but  that  the  pits  represent  pores  rests  on  the  statement  of 
these  authors.  It  is  a  pity  that,  with  their  abundant  material, 
they  did  not  cut  a  single  section  so  as  to  prove  the  point.    This 


Digitized  by  VjOOQIC 


RevietcB — Waeh^muth  and  Springer — On  Crinoids,       223 

plate  18  present  in  Eufpiroerinus  sptralia,  tbongh  they  speak  as  iC 
it  were  absent ;  on  the  other  hand  they  state  that  the  ventral  tube 
of  that  species  is  "  profusely  perforated."  Now  in  1879  they  said 
of  it,  '*  Pores  have  not  been  observed  "  (Bevision  I.  p.  143) ;  their 
present  drawings  show  no  pores;  in  the  type-specimens  pores  are 
not  evident.    On  what  grounds  then  are  we  to  accept  this  assertion  ? 

Here  we  may  also  note  an  account  of  the  anus  in  the  Oyatho- 
orinidsd  differing  from  any  previously  given;  and  a  repetition  of 
their  former  statement  as  to  its  position  in  the  Poteriocrinidie ;  but 
of  proof  or  illustrations  never  a  scrap.  Messrs.  Wachsmuth  and 
Springer  should  remember  that,  in  scientific  treatises  at  all  events, 
neither  inspiration  nor  authority  can  supply  the  place  of  evidence 
and  argument. 

The  latter  half  of  the  paper  deals  with  the  anal  plates.  These 
are  not  regarded  as  homologous  with  the  interradials,  but  are  more 
supplementary  still,  being  *'  introduced  as  the  case  required."  They 
are  also  distinguished  from  the  plates  of  the  ventral  sac  or  anal  tube, 
a  difference  of  terminology  that  occasionally  seems  to  make  the 
authors  think  that  there  is  also  some  difference  in  morphology. 
However,  since  this  idea  materially  simplifies  all  discussion  as  to 
homology  and  at  once  puts  some  recent  speculations  out  of  court, 
one  cannot  blame  the  authors  for  adopting  it.  It  should,  however, 
be  noted  that  to  regard  the  special  anal  plate  of  the  Fistulata  as 
a  purely  supplementary  piece,  and  to  suppose  that  the  additional 
anal  plate  in  such  forms  as  Poterioerinu8  is  a  fresh  introduction,  are 
ideas  wholly  different  to  any  previously  advocated  by  these  writers. 
They  have  also  considerably  changed  their  views  with  regard  to 
Baeroerinus.  Much  of  this  half  of  the  paper  is  however  unavoidably 
controversial,  and  will  be  more  fittingly  discussed  in  another  place. 

The  first  half  of  the  paper  is  also  controversial  in  tone,  although, 
since  their  own  errors  were  the  greater,  the  authors  might  well  have 
left  Dr.  P.  H.  Carpenter  alone.  They  have,  we  suppose,  got  so 
accustomed  to  sparring  with  him  that  they  like  to  keep  it  up  if  only 
for  exercise.  This  however  hardly  excuses  the  gloveless  way  in 
which  they  handle  him ;  while  their  occasional  distortions  of  his 
words  are  rather  like  hits  below  the  belt.  Thus  on  p.  350  they  say : 
"The  ventral  pavement  of  an  Aetinocrinus  he  calls  'a  structure  sui 
generis,'  i.e.  different  from  that  of  a  Platyerinus.'*  Dr.  Carpenter's 
words  (Chall.  Rep,  Stalked  Crin.  p.  167)  are  these:  "The  solid 
vault  of  an  Actinocrinus  is  a  structure  svi  generisy  unless,  as  I  believe, 
its  proximal  ring  of  interradial  plates  is  represented  by  the  orals  of 
a  Neocrinoid,"  i.e.  it  is  not  a  structure  sui  generis ;  and  Carpenter's 
homology  of  the  proximal  interradials  is  the  very  one  now  adopted 
by  his  critics!  Again  {op.  dt  p.  178)  Dr.  Carpenter  says:  **The 
peripheral  portion  of  the  vault  of  Platyerinus,  i.e.  the  zone  between 
the  proxinml  dome  plates  in  the  centre  and  the  calyx  interradials, 
is  comparatively  small;  and  its  interradial  spaces  are  'occupied  by 
three— rarely  five— plates  .  .  .  resting  upon  the  interradial  of  the 
calyx.'  This  series  of  four  or  six  interradials,  taken  all  together,  .  .  . 
corresponds  generally  to  the  single  large  interradial  of  Cyathoerinua 
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•  .  .  [t.e.]  all  belong  to  the  Bame  system  of  interradial  plates.  .  .  . 
Wachsmath  says  that  'the  first  interradial  [of  the  Platycrinidn]  in 
identical  with  the  outer  interradial  plate  of  Chceocrinus,*  in  which 
I  entirely  a^ree.*'  Now  see  how  these  plain  words  are  transmogri- 
fied on  p.  351  of  the  present  paper: — '*He  regards  (p.  178)  the 
peripheral  portion  of  the  'Tault,'  by  which  he  means  the  zone 
between  the  so-called  summit  plates  and  the  radiats,  as  generally 
corresponding  to  the  large  interradial  of  Cyathoerinua,  and  to  the 
single  interradial  of  CoccocrinusJ"  We  draw  particular  attention  to 
these  misrepresentations,  not  because  we  suppose  for  a  moment  that 
they  are  intentional,  but  in  order  that  readers  of  Messrs.  AVachsmuth 
and  Springer  may  not  trust  too  lightly  either  to  their  citations  or  to 
the  charges  of  misrepresentation  that  they  bring  against  others. 

We  think  indeed  that  what  was  correct  in  the  writings  of  Dr. 
Carpenter,  not  to  mention  others,  might  have  been  more  graciously 
acknowledged ;  and  we  woald  distinctly  reprehend  the  omission  of 
all  allusion  to  Dr.  M.  Neumayr's  explanation  of  the  vault  in  the 
Camerata,  which  appeared  in  Die  Stamme  des  Thierreiches  (1889), 
and  was  substantially  the  same  as  that  now  put  forward  by  Messrs. 
Wachsmuth  and  Springer.  Much,  however,  may  be  pardoned  in 
consideration  of  the  extreme  interest  of  the  present  paper,  which, 
while  it  knocks  the  final  nail  into  the  coffin  of  the  "  Pal8K>crinoidea,'* 
gives  promise  of  many  a  vigorous  discussion  in  the  near  future. 

The  exquisite  illustrations  to  this  paper  are  by  two  well-known 
Swedish  artists.  To  the  accuracy  of  the  drawings  by  Mr.  Q. 
Liljevall  the  present  writer  can  bear  witness ;  of  their  beauty  there 
can  be  no  question.  Those  by  Mr.  A.  M.  Westergren  are  no  doubt 
equally  accurate,  but  the  touch  is  a  little  too  delicate ;  plate  x. 
should  have  been  printed  in  darker  ink.  PI.  ix.  fig.  1,  Oyathocrinvs 
alutaceua,  Angelin,  must  be  referred  to  C.  ramo8U8 ;  fig.  2,  C,  la  vis, 
Aug.,  is  also  a  C,  ramosus ;  fig.  3,  C,  l4Bvis,  Ang.,  belongs  to  an 
undescribed  species.  It  is  important  to  note  that  the  originals  of 
figs.  2  and  3  are  abnormal  in  the  cup.  These  changes  make  no 
difference  to  the  argument  of  Messrs.  Wachsmuth  and  Springer; 
but  the  references  to  the  figures  (p.  356)  might  be  corrected  with 
advantage,  the  numbers  2  and  3  are  interchanged,  which  is  per- 
plexing. Plate  X.  fig.  15,  is  not  alluded  to  either  in  the  text  or  in 
the  explanation  of  the  plate.  But  our  most  serious  criticism  of  the 
drawings  is,  as  said  before — there  are  not  enough.  F.  A.  B. 


III. — Contributions  a  la  GioLOois  des  Pats-Bas — V.  Lks  Dunks 

INTiaiKURRB,    LES   TOURBIERES    BASSES    ET    LE8   OSCILLATIONS    DU 

Sol.     Par  Dr.  J.  LoRifi,  Archives  Teyler,  Ser.  II.  Tome  III. 
6»  partie.     (Haarlem.) 

THE  Memoir  which  forms  the  subject  of  this  notice  is  the  fifth 
of  a  series  which  we  owe  to  the  industry  of  Dr.  J.  Loire  of 
Utrecht.  It  brings  the  geological  record  of  Holland  down  to  the 
period  of  authentic  history,  in  fact,  to  the  present  day.  In  his 
previously  published  works  the  author  has   brought  together   an 
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enormoas  amonnt  of  evidence  bearing  on  the  question  of  the  later 
Tertiary  earth-movements  in  Holland.  He  has  shown  that  there 
}»8  been  extensive,  though  perhaps  intermittent,  subsidence  in  this 
area  during  the  Pliocene  and  Pleistocene  period ;  he  now  attempts 
to  demonstrate  that  this  movement  has  continued,  intermittently  and 
irregularly,  since  the  period  of  the  Boman  occupation,  and  probably 
down  to  the  present  day. 

The  most  interesting  part  of  this  Memoir  to  the  English  reader 
probably  will  be  that  treating  of  the  changes  of  the  level  which 
have  taken  place  since  the  Roman  period ;  for  though  much  of  the 
evidence  has  long  been  published,  it  has  been  so  scattered  that  one 
is  now  startled  to  find  what  a  strong  case  can  be  made  out  for  the 
continuity  of  the  movements  of  subsidence.  Of  course  Dr.  Lori6 
takes  into  account  the  subsidence  caused  by  the  slow  compression  of 
the  peats  and  days,  as  the  organic  matter  decays  and  the  water 
is  squeezed  out  But  making  every  allowance  for  this,  there  still 
remains,  according  to  Dr.  Lorie,  a  considerable  amount  of  subsidence 
onaooounted  for.  It  may  be  well,  however,  to  point  out  that  no  one 
case  of  Post-Boman  subsidence  in  Holland  appears  to  be  conclusively 
proved ;  for  the  absence  of  any  solid  foundations  for  either  ancient 
or  modem  buildings  leaves  it  open  for  any  one  to  suggest  bad 
foundations  as  the  cause  of  the  present  low  position  of  the  remains. 
It  18  the  cumulative  force  of  the  evidence,  all  pointing  in  one 
direction,  that  makes  the  case  so  strong,  especially  when  the  Pliocene 
aad  Pleistocene  subsidence  to  the  extent  of  at  least  1100  feet  is 
taken  into  account 

Among  the  Roman  remains  found  in  Holland  below  the  sea-level, 
the  fortress  of  Brittenburg  (''Arx  Brittaniao")  was  perhaps  the  most 
interesting.  The  ruins  were  visible  at  exceptionally  low  tides  during 
the  sixteenth,  seventeenth  and  eighteenth  centuries,  but  have  now 
been  entirely  destroyed.  They  showed,  according  to  Dr.  Lorie,  a 
sinking  of  at  least  three  metres  since  the  third  century.  Another 
ruin — the  temple  of  Nehalennia  in  Zealand — was  considered  by 
Laveleye  to  have  subsided  six  or  seven  metres .  since  it  was  built. 
When  last  seen  the  floor  was  at  the  level  of  low  water,  and  Laveleye 
concluded  that  originally  it  must  have  been  above  the  level  of  the 
highest  tides. 

Oaken  planks  of  prehistoric  date  have  been  found  beneath  the 
peat  at  a  depth  of  thirteen  feet  below  mean  tide,  and  traces  of  an 
inhabited  land  surface  with  egg-shells  and  cut  wood  at  sixteen  feet 
below  the  surface.  By  these  one  is  reminded  of  the  traces  of  a  fire 
foand  in  a  submerged  forest  at  low-water  level  in  some  excavations 
for  docks  at  Hull.  Belonging  to  a  still  older  period  we  find 
abundance  of  submerged  forests  and  peat  mosses  at  depths  ranging 
to  fifty  feet  or  more  below  the  sea.  Much  of  the  remainder  of  the 
Memoir  is  devoted  to  minute  measurements  of  the  amount  of  sub- 
sidence which  has  taken  place  since  the  date  of  the  first  aocurate 
surveys.  Other  portions  deal  with  the  origin  of  the  inland  sand- 
dunes,  and  with  the  peat  mosses.  C  R. 
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IV. — ^Thb  Gxologt  op  the  Countrt  Around  Liybbpool,  tholuding 
THE  North  of  Flintshiric  By  Q.  H.  Morton,  F.G.S.,  etc. 
Second  Edition.  Pp.  287.  (George  Philip  and  Son,  LoDdon, 
1891.) 

NEARLY  eight-and-twenty  years  have  elapsed  since  the  former 
edition  of  this  work  was  published.  During  the  interval  Mr. 
Morton  has  laboured  with  great  enthusiasm  and  with  much  patience 
at  the  rocks  that  lie  within  a  distance  of  about  twenty  miles  from 
Liverpool.  He  now  gives  a  particular  account  of  the  Carbon- 
iferous rocks,  to  our  knowledge  of  which,  and  especially  of  the 
Carboniferous  Limestone  of  Flintshire,  he  has  largely  added.  Tliis 
Limestone  is  probably  the  most  attractive  formation  within  easy 
reach  of  Liverpool,  and  the  palsoontology  of  its  several  subdivisions 
has  been  carefully  worked  out  by  Mr.  Morton.  The  Cefn-y-Fedw 
Sandstone  overlies  the  Carboniferous  Limestone,  and  probably  repre* 
sents  the  Yoredale  Series  and  Millstone  Grit  of  other  districts. 
These  beds  and  their  subdivisions,  together  with  the  overlying  Coal- 
meatiures  of  North  Wales  and  South-west  Lancashire,  are  duly 
described.  Permian  beds  occur  in  some  localities  near  Liverpool; 
but  over  much  of  the  area  to  which  reference  is  made,  where  the 
strata  are  known  only  from  the  evidence  obtained  by  shafts  and 
borings,  there  is  a  considerable  difficulty  in  distinguishing  between 
Permian  and  Bunter. 

The  Bunter  Beds,  having  a  thickness  of  nearly  2000  feet,  comprise 
Lower  and  Upper  Soft  Sandstones,  with  intermediate  Pebble- beds. 
Mr.  Morton  in  describing  the  Pebble-beds  finds  it  convenient  to 
divide  them  locally  into  a  lower  division  with  numerous  pebbles 
and  an  upper  division,  with  few  or  no  pebbles.  The  Keuper  Sand- 
stone and  Marl  succeed.  The  Sandstone  is  of  especial  interest  on 
account  of  the  *'  Footprint  bed  "  that  occurs  (about  124  feet  from 
the  base  of  this  division)  in  the  Storeton  quarries.  Among  the 
tracks  are  those  named  Gkeirotherium  Storetonense  by  Mr.  Morton,  and 
they  are  illustrated  in  a  series  of  plates.  The  name  of  this  familiar 
genus  is  now  unfortunately  changed,  and  the  animal  is  designated 
Chirosaurus  Sioretonensis  (Lydekker,  Cat.  Foss.  Rept.  and  Amphih. 
Brit.  Mus.  Part  iv.  1890,  p.  216).  Footprints  of  Bhynchosaunu  are 
also  described  and  figured. 

Some  space  is  devoted  to  the  microscopic  characters  of  the  rocks, 
and  to  Faults  and  Denudation;  and  a  number  of  longitudinal 
sections  are  described.  Then  follow  accounts  of  the  building-stones 
and  other  economic  products,  a  list  of  minerals,  and  remarks  on 
the  subject  of  Water-supply.  Some  of  these  matters  might  better 
have  been  treated  at  the  end  of  the  volume,  for  the  author  noifr 
proceeds  to  describe  the  Pleistocene  deposits.  Among  the  mora 
interesting  of  these  deposits  are  those  found  in  the  Caves  of  Ffynnon 
Benno  and  Cae-gwyn  that  contains  relics  of  "  Pre-glacial "  Mammalia, 
or  more  strictly  speaking  of  forms  older  than  the  Boulder  Clay  of 
the  neighbourhood.  Mr.  Morton  quite  agrees  with  Dr.  Hicks  in 
regarding  the  Mammalia  as  older  than  the  Glacial  Drift,  and  believes 
that  all  the  objections  raised  in  opposition  to  this  view  have  been 
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Answered.  The  Glacial  deposits  and  the  Qlacial  striaB  are  fully 
described,  as  well  as  the  Post-Glacial  Peat  and  Forest-beds,  and 
other  Recent  deposits ;  and  the  author  concludes  with  some  brief 
remarks  on  the  Origin  of  the  Mersey. 

The  labours  of  other  geologists  have  reoeived  attention,  references 
being  made  more  especially  to  the  papers  by  Prof.  Hull,  Dr.  Ricketts, 
Mr.  Mellard  Reade,  Mr.  G.  E.  De  Ranee,  and  Mr.  A.  Strahan.  No 
reference,  however,  is  made  to  Mr.  Mellard  Reade's  paper  on  the 
Physiography  of  tlie  Lower  Trias  (Geol.  Mao.  1889,  p.  649)  ; 
possibly  his  views  on  this  subject  were  considered  too  heterodox  to 
be  mentioned.  The  author,  moreover,  has  reoeived  special  help  in 
some  instances,  Mr.  R.  Kidston  having  furnished  a  valuable  list  of 
fossil  plants  from  the  Coal-measures  of  Ravenhead,  near  St  Helens ; 
and  Mr.  J.  G.  Goodchild  having  contributed  notes  on  some  of  the 
rooks  found  in  the  Glacial  Drifts.  Combining  as  it  does  the  results 
of  long-continued  personal  observation,  Mr.  Morton's  book  furnishes 
an  authoritative  guide  to  the  student,  and  will  be  of  essential  service 
to  all  geologists  who  seek  acquaintance  with  the  geology  of  the 
country  around  Liverpool.  H.  B.  W. 

v.— The  Tbiasstc  Rooks  of  West  Somebset,  and  the  Devonian 
Rocks  on  theib  Bobdebs.  By  W.  A.  £.  Ussheb.  Proc. 
Somerset  Arch,  and  Nat  Hist.  Soc.  Vol.  XXXV.  for  1889.    (1890. ) 

IK  this  paper  Mr.  Ussher  sums  up  the  results  of  his  observations 
on  the  Devonian  rocks  of  the  Quantook  and  Brendon  Hills, 
and  of  the  neighbourhood  of  Porlock  and  Minehead ;  and  he  gives 
his  latest  views  on  the  Triassic  rocks  that  border  these  old  rocks 
near  Stogumber,  Williton,  and  Porlock.  The  sandstones,  breccias, 
conglomerates  and  marls  of  the  New  Red  Sandstone  series,  are  all 
grouped  with  the  Trias ;  but  some  changes  have  been  made  by  Mr. 
Ussher  in  his  grouping  of  beds  at  particular  localities.  Thus  he 
now  recognizes  no  divisions  older  than  the  Keuper,  among  the  New 
Red  rocks  west  of  Williton,  and  believes  that  the  coarser  beds  of 
the  Keuper  were  accumulated  higher  and  higher  in  the  series  in 
that  region,  progressive  subsidence  having  led  to  the  continuation 
of  marginal  deposition. 

With  regard  to  the  Devonian  rocks,  Mr.  Ussher  publishes  a  table 
to  show  their  general  classification,  and  the  con-elation  of  the  sub- 
divisions  in  North  and  South  Devon  with  those  of  Germany,  France, 
and  Belgium.  In  West  Somerset  and  North  Devon  there  is  a 
much  greater  development  of  sandstones  than  in  South  Devon,  for 
the  Cockington  Sandstones  of  the  Torquay  district,  at  one  time 
regarded  as  Upper  Devonian,  are  now  placed  (together  with  the 
Lincombe  and  Warberry  Grits)  on  the  horizon  of  the  Hangman 
Grits  of  North  Devon.  It  has  been  suggested  that  in  North  Devon 
the  Foreland  Grits  and  Hangman  Grits,  which  are  of  similar  general 
character,  are  the  same.  Mr.  Ussher  shows  by  diagram  that  this 
may  possibly  be  the  case :  but  he  gives  various  reasons,  sufficient, 
in  his  opinion,  to  negative  the  supposition  that  they  are  identical. 
The  Pickwell  Down  Sandstones,  that  were  at  one  time  grouped  with 
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the  Cockington  Sandstones,  are  now  placed  alongside  the  Chndleigk 
Limestone  and  the  Frasnian  Beds.  The  Morte  Slates  are  left  in 
a  doubtful  position  between  Upper  and  Middle  Devonian. 

The  facts  brought  forward  have  reference  mainly  to  the  dis- 
tribution of  the  several  divisions  and  to  the  faults  and  flexures  to 
which  they  have  been  subjected ;  and  they  are  illustrated  by  an 
excellent  coloured  geological  map. 

The  author  gives  an  interesting  account  of  his  discoveries  of 
fossils  in  the  Lower  Devonian  rocks  of  South  Devon,  and  hopes  that 
geologists  will  be  stirred  up  to  look  for  organic  remains  in  the 
great  Grit-beds  of  North  Devon.  The  Hangman  Qrits  have  yielde<l 
Natica  and  Myalina:  in  the  Foreland  Grits  no  fossils  have  yet 
been  detected.  The  Morte  Slates,  regarded  as  unfossiliferous,  have 
since  yielded  a  lAngula  to  Dr.  Hicks,  so  that  there  is  hope  for 
those  who  will  have  the  patience  to  spend  hours  on  rooks  that 
are  apparently  barren,  instead  of  devoting  their  energies  to  more 
tempting  strata  that  are  known  to  be  fossiliferous.  H.  B.  W. 


VI. — Repoet  of  Exploration  of  the  Glacial  Lake  Aoassiz  ih 
Manitoba.  By  Warren  Upham.  Ann.  Rept.  Geol.  and  Nat 
Hist.  Surv.  Canada,  Vol.  IV.  Part  E.  Pp.  156,  2  Maps,  and 
Plate  of  Sections.     (Monti-eal,  1890.) 

THE  suggestion  by  the  late  Prof.  J.  Carvill  Lewis  that  the 
Boulder-clay  of  our  Eastern  counties  was  formed  in  a  great 
glacier  lake  reminded  English  geologists  of  the  wide  extension  of 
such  deposits  in  America.  The  theory  was  not  a  new  one  in 
English  geology,  as  it  had  been  used  by  Agassiz  in  1842  to  explain 
the  origin  of  3ie  Parallel  Roads  of  Glen  Roy,  and  has  been  applied 
quite  recently  by  Goodcbild  to  the  high-level  drifts  of  the  Thamee 
Estuary.  Mr.  Warren  Upham,  in  the  above  Memoir,  has  now 
worked  out  in  detail  the  evidence  for  the  former  existence  of  a 
glacier  lake  in  Minnesota  and  Manitoba  compared  with  which  oar 
own  sink  into  insignificance.  General  Warren,  in  1867,  discovered 
that  Lake  Winnipeg  once  had  a  southern  outlet,  due,  he  con- 
sidered, to  an  alteration  in  the  contour  of  the  country ;  this  view 
was  accepted  by  Dr.  G.  M.  Dawson  and  Prof.  Dana.  Prof.  Winchell, 
however,  in  1877,  attributed  it  to  the  accumulation  of  water  in  front 
of  the  northern  ice-sheet,  and  two  years  later  Mr.  Warren  Upham 
advocated  the  same  theory,  and  suggested  the  name  of  '*  Lake 
Agassiz."  According  to  this  view,  by  the  recession  of  the  ice-sheet, 
a  number  of  rivers  were  enabled  to  return  to  their  original  northerly 
direction,  but  as  their  waters  were  dammed  back  by  the  ice,  a  series 
of  lakes  were  formed,  the  largest  being  Lake  Agassiz.  At  first  the 
only  outlet  of  this  lake  was  down  the  Minnesota  River  to  the  south, 
this  being  the  lowest  point  on  the  watershed,  but  as  the  glacier 
receded  still  further  to  the  north,  a  series  of  outlets  tx)  Hudson  Bay 
were  gradually  opened.  Five  beaches  were  deposited  during  the 
former  period,  and  eleven  during  the  latter,  llie  deposits  of  the 
lake  now  cover  110,000  square  miles,  so  that  it  was  larger  than  the 
combined  areas  of  the  five  Laurentiah  lakes ;  but  it  never  reached 
this  size  at  any  one  time ;  when  the  highest  beaches  of  the  southern 
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part  were  being  deposited,  tbe  northern  part  was  still  ooTered  by 
the  ice,  and  befbre  this  district  was  submerged  tbe  opening  of  the 
northern  outlets  bad  so  lowered  the  water-level  that  the  southern 
shore  had  followed  the  ioe  to  the  north.  With  the  final  disappear- 
ance of  the  ice- sheet.  Lake  Agassiz  was  reduoed  to  a  series  of 
scattered  lakes,  of  which  Lake  Winnipeg  is  the  largest. 

The  ordinary  Glacial  drifts  of  the  district  are  attributed  to  the 
action  of  land- ioe,  as  there  is  no  sign  of  any  transport  in  or  assort- 
ment by  water.  Tbe  maximum  thickness  is  250  feet;  the  lower 
part  is  very  hard  and  tough,  but  the  upper  beds  are  fairly  loose  and 
oan  be  dug.  The  author  attributes  the  difference  to  the  former 
having  been  subjected  to  the  enormous  pressure  of  the  weight  of 
the  ice-sheet,  while  the  latter  was  merely  dropped  during  the 
melting  of  ioe.  There  are  many  boulders  mainly  of  the  Archaean 
rocks  from  the  N.  and  N.K;  the  largest  is  22  ft.  by  8  ft  by  14  ft. 
Striffi  are  well  preserved  and  their  directions  are  given  in  an 
appendix.  The  more  especially  lacustrine  deposits  include  a  series 
of  sixteen  beaches ;  these  are  from  25  to  30  rods  in  width,  and  rise 
from  3  feet  to  10  feet  on  the  shore  side,  and  from  10  feet  to  20  feet 
on  the  lake  side.  There  are  also  a  number  of  deltas  and  kames  and 
osars :  the  author  uses  the  two  last  terms  as  defined  by  McGee  and 
Chamberlin ;  he  applies  *'  osars "  to  the  drifts  formed  in  the  river- 
courses,  and  '*  kames  "  to  the  irregular  deposits  dropped  where  the 
rivers  have  emerged  from  between  their  ice-walled  channels  and 
spread  out  over  the  adjoining  lowlands. 

A  few  freshwater  Mollusoa  of  existing  species  have  been  found, 
and  some  worked  flints  indicate  that  man  lived  on  the  shores  of  the 
lake  before  the  opening  of  the  northern  outlets.  But  the  author, 
quoting  a  long  series  of  independent  estimates,  considers  that  this 
was  less  than  10,000  years  ago. 

It  is  found  that  the  beaches  ascend  as  they  are  traced  to  the  North, 
the  amount  varying  from  one  to  sixteen  inches  to  the  mile :  he  con- 
cludes— accepting  Mr.  B.  S.  Woodward's  calculations — that  a  quarter 
of  this  was  due  to  the  heaping-up  of  the  water  by  the  attraction  of 
the  northern  ice-sheet  After  a  careful  consideration  of  Chamberlin's 
hypothesis  of  alterations  of  level  being  due  to  contraction  of  the  earth's 
crust  consequent  on  the  lowering  of  the  isogeotberms  by  a  glacial 
climate,  it  is  rejected  as  inadequate,  as  its  influence  would  be  the- 
reverse  of  that  which  has  taken  place  in  the  Lake  Agassiz  area. 

The  memoir  closes  with  a  chapter  on  the  "  Geologic  and  Agri- 
cultural Besources  "  of  the  district.  It  is  illustrated  by  a  couple  of 
maps  and  a  plate  of  sections ;  but  further  illustrations  will  no  doubt 
be  given  vrith  tbe  more  detailed  description  to  be  given  by  the 
author  in  one  of  the  Monographs  of  the  United  States  Geological 
Survey.  The  exploration,  it  should  be  added,  was  undertaken,  on 
behalf  of  tbe  Geological  Surveys  of  tbe  United  States  and  Canada, 
both  of  which  may  be  congratulated  upon  an  arrangement  whereby, 
iu  defiance  of  International  Boundaries,  the  whole  work  was  entrusted 
to  one  man,  and  also  upon  having  secured  the  services  of  a  geologist 
whom  a  long  training  in  glacial  geology  bad  rendered  especially 
competent  for  the  task.  J.  W.  G. 
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Vn.— Aids  in  Praotioal  Qbology.    By  Prof.  Greuvillk  A.  J. 
CoLE,F.G.S.   8vo.pp.402.  (London,  Charles  Griffin  &  Co.,  1891.) 

PROFESSOR  Grenville  Cole's  "  Aids  "  is  a  work  occupying  an 
unique  position  in  geological  literature.  Every  one  trained  in 
the  modem  school  of  Geology  has  a  vivid  recollection  of  the  number- 
less sources  from  which  he  was  compelled  to  select  the  varions 
necessary  items  of  information.  Apart  from  ordinary  geological 
text- books,  there  were  works  on  chemical  analysis,  qualitative  and 
quantitative,  on  blowpipe  analysis,  mineralogy,  and  general  physics, 
technical  treatises  and  memoirs  on  the  microscopical  examination  of 
rocks,  and  various  other  less  important  references  too  numerous  to 
mention.  He  was  continually  dependent  upon  the  Professor  for 
advice  and  help ;  and  he  was  led  most  emphatically  to  realize  the 
extraordinary  combination  of  scientific  methods  that  is  requisite  for 
tiie  satisfactory  study  of  a  geological  formation.  The  new  volume 
l)efore  us  dispels  all  these  difficulties,  and  now,  for  the  first  time, 
renders  it  possible  even  for  an  ordinary  amateur  to  gain  an  adequate 
knowledge  of  the  subject  up  to  date.  Not  only  is  this  the  c^ise,  but 
many  of  the  open  paths  for  further  investigation  are  incidentally 
pointed  out,  with  sufficient  references  to  original  memoirs  to  enable 
an  enthusiastic  student  to  proceed  far  in  this  direction. 

Prof.  Cole  is  throughout  eminently  practical.  Several  guides  to 
the  beginner  in  Field  Geology  have  already  appeared,  but  we  have 
never  met  with  so  concise  a  series  of  useful  hints  as  to  small  matters 
that  most  geologists  have  to  leara  by  experience,  as  can  be  found  in 
the  first  part  of  the  present  work.  Not  only  is  the  equipment  dis- 
cussed in  a  manner  that  betokens  wide  expeiience,  but  the  most 
precise  information  is  afforded  as  to  the  best  form  of  gymnastics  for 
various  difficult  circumstances,  such  as  the  crossing  of  streams  and 
the  scaling  of  crags.  In  the  remarks  on  packing  specimens,  again, 
even  such  minutias  as  the  peculiar  Parcel  Post  regulations  of  Italy 
are  briefly  noticed  ;  and  in  this  section  of  the  book,  as  in  the  others, 
scarcely  an  instrument  is  mentioned  without  some  allusion  to  its 
cost,  its  comparative  efficiency,  and  the  name  of  the  maker  from 
whom  it  can  be  obtained.  In  many  instances,  directions  are  given 
for  the  construction  of  simple  apparatus  from  common  materials, 
such  as  gallipots,  corks,  and  wire  ;  and  the  circumstances  of  travellers 
in  regions  distant  from  ordinary  civilization  are  always  carefully 
remembered. 

The  second  part  of  the  book  is  devoted  to  the  examination  of 
minerals,  forming  not  merely  a  concise  statement  of  the  ordinary 
methods  of  determinative  mineralogy  and  an  index  to  the  characters 
of  the  species  of  most  common  occurrence,  but  also  comprising 
numerous  hints  and  cautions  which  the  student  will  soon  learn  to 
appreciate.  Two  conspicuous  features  are  the  elaborate  treatment  of 
the  determination  of  specific  gravities,  and  an  interesting  chapter  on 
Szabo's  method  of  quantitative  flame-reactions  for  the  felspars  and 
their  allies.  After  these  preliminaries,  the  most  important  part  of 
the  work,  relating  to  the  examination  of  rocks,  immediately  follows. 
Rock-structures  are  first  treated  in  a  general  way,  the  principal 
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characters  and  varieties  of  several  groups — the  coarsely  fragmental^ 
ordinary  stratified,  cleaved,  foliated,  and  igneous — being  successively 
pointed  out.     The  determination  of  the  specific  gravity,  fusibility, 
and  chemical  composition   of  rocks,  is  next  considered ;   and  an 
important  chapter  on  the  isolation  of  the  constituents  of  rocks  is 
followed  by  a  short  and  practical  discussion  of  the  petrological 
microscope  and  the  preparation  of  rock-sections.     With  the  chapter 
OD  the  more  prominent  characters  to  be  observed  in  minerals  in 
rock-sections,  and  the  following  synoptical  remarks  on  the  appearance 
of  thin  sections  of  the  chief  rock-forming  minerals,  the  student 
enters  upon  a  subject  that  requires  long  practice  for  its  adequate 
comprehension;  but  Prof.  Cole*s  "aids'*  are  among  the  most  valuable 
that  have  hitherto  appeared,  including,  indeed,  some  items  that  have 
scarcely  yet  reached  ordinary  handbooks,  and  numerous  notes  in 
special  type  when  there  is  any  possibility  of  doubt  or  misinterpreta- 
tion.    The  sedimentary  rocks,  as  usual,  occupy  a  comparatively 
small  amount  of  space,  but  all  the  latest  discoveries  relating  to  them 
seem  to  be  duly  incorporated  in  the  synopsis.     The  igneous  rocks 
are  treated  with  remarkable  elaboration,  and  students  will  be  grateful 
to  the  author  for  presenting  so  concise  a  summary  of  the  main  facts 
with  a  comparatively  simple  nomenclature.     As  Prof.  Cole  remarks,- 
"  petrography   has  of  late  suffered    from   the   introduction   of  an 
abundance  of  new  terms,  and,  what  is  far  worse,  of  old  terms  defined 
in  new  senses ;  but  the  majority  of  these  can  be  avoided  by  the  use 
of  familiar  adjectives  or  mineral  prefixes,  to  the  great  lightening  of 
the  science."     The  Holocrystalline  Igneous  Rooks  are  subdivided 
into  the  six  groups  of   Granite   (with  Eurite),   Syenite,    Quartz- 
Diorite  (with  Quartz- Aphanite),  Dioiite  (with  Aphanite),  Olivine- 
Gabbro    (with   Olivine-Dolerite),   and  Peridotite.      The  Lithoidal 
Igneous  Rooks,  with  some  glassy  matter,  are  classified  as  Rhyolites, 
Trachytes,   Rhyolitic    Andesites,    Andesites.    Olivine-Basalts,  Lim- 
burgites,  and  Hemicrystalline  Nephelinites  (with  Leucitites).     The 
Highly  Glassy  Rocks  comprise  the  Obsidian  and  Tachylyte  Groups. 
In  the  case  of  every  term,  a  reference  to  its  original  definition  is 
given,  with  frequent  notes  upon  subsequent  changes  in  its  meaning ; 
and  a  table  is  added  exhibiting  the  relationships  of  the  various  types, 
so  far  as  determined. 

The  chapter  on  Metamorphic  Rocks  is  characterized  by  much 
caution  in  alluding  to  theoretical  matters,  and  the  definition  of  the 
limits  within  which  the  term  "  metamorphic  "  is  applicable  is  well 
stated  to  be  a  ''matter  of  opinion."  Prof.  Cole  places  in  this 
category  all  rocks  in  which  new  crystalline  developments,  or  new 
strnctures,  or  both,  have  arisen  under  the  influence  of  subterranean 
heat,  or  pressure,  or  actual  earth-movement.  He  seems,  moreover, 
to  show  more  sympathy  with  the  original  views  of  "  regional 
metamorphism,"  than  with  the  recent  speculations  of  those  who 
regard  the  Archaean  rocks  as  unique  among  geological  formations. 
In  referring  to  the  so-called  "  true  schists,"  for  example,  he  remarks 
"  that  the  alleged  distinction  between  schist-like  rocks  and  schists 
of  Pre-Cambrian  age  requires  such  great  delicacy  of  definition  that 
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the  majority  of  ohserven  tnnst  be  oontent  to  use  the  word  'schist' 
in  its  wide  practical  signification,  covering  all  well-foliated  rocks, 
of  whatever  age,  which  fall  short  of  the  coarser  and  more  felspathio 
type  styled  gneiss." 

The  final  section  of  the  work  is  devoted  to  the  examination  of 
those  fossils  which  are  of  especial  value  for  stratigraphioal  purposes. 
The  Invertebrata  alone  are  treated,  and  an  attempt  is  made  to  define 
in  scientific  terms  each  of  the  more  conspicuous  genera,  often  with 
an  illustrative  woodcut.  This  plan  is  a  great  improvement  upon 
the  ti  rue-honoured  custom  of  reoordtng  lists  of  names  of  fossils  with 
merely  incidental  allusions  to  their  characters,  of  which  occasional 
figures  are  supposed  to  give  an  adequate  conception.  The  subject, 
however,  is  so  vast  that  we  doubt  whether  Prof.  Cole*s  brief  outlines 
will  in  many  cases  suflSce  for  the  requirements  of  an  ordinary  worker 
in  unknown  regions,  and  we  trust  that  some  day  the  sdieme  may 
be  further  elaborated. 

It  is  difficult  to  criticize  a  work  of  this  nature  ;  every  specialist 
will  hold  his  own  opinion  with  regard  to  the  particular  section  that 
concerns  his  own  line  of  research.  We  are  inclined  to  think,  how- 
ever, that  in  some  instances  simple  matters  might  have  received 
more  attention.  In  certain  strata,  for  example,  a  sufficiently  accurate 
determination  of  the  true  dip  can  readily  be  made  by  employing  a 
spirit  level  to  ascertain  the  line  of  strike  and  fixing  the  clinometer 
at  right  angles  to  this,  without  any  of  the  geometrical  constructions 
such  as  Prof.  Cole  alone  describes.  But  we  have  most  serious  fault 
to  find  with  the  publishers.  In  a  work  so  admirable  both  in 
subject-matter  and  typography,  the  coarseness  and  inartistic  character 
of  so  large  a  proportion  of  the  new  figures  is  a  blemish  of  which  it 
is  impossible  to  speak  too  harshly.  In  this  respect,  it  forms  a 
striking  contrast  to  the  scientific  handbooks  issued  by  publiBhen 
abroad,  and  we  trust  that  in  the  next  edition  the  fault  may  be 
entirely  remedied.  That  such  an  opportunity  will  soon  present 
itself  we  are  fully  assured,  for  the  volume  is  one  that  will  prove 
invaluable  and  be  welcomed  by  all  students  of  Geology. 

VIII.— The  Gbolooy  of  Barbados.  By  J.  B.  Harrison  and  A.  J. 
Jukes-Browne.  8vo.  pp.  64  and  Map.  (Published  Barbadoes  ? 
1890.) 

SO  long  as  it  is  argued  that  the  Glacial  period  in  England  was 
due  to  the  diversion  of  the  Gulf  Stream  will  geologists  feel 
interested  in  all  investigations  upon  the  later  Tertiary  geology  of 
the  West  Indies.  The  island  of  Barbados  moreover,  possesses  an 
additional  source  of  interest  in  the  Radiolarian  deposits  so  long  noted 
for  the  beauty  of  their  fossils,  and  now  of  especial  value  from  their 
bearing  on  the  question  of  the  permanence  of  oceans  and  continents. 
We  must,  therefore,  feel  much  gratitude  to  the  authors  of  this 
memoir  for  the  care  with  which  they  have  worked  out  the  geological 
structure  and  past  history  of  Barbados,  and  for  the  first  time 
definitely  established  the  relations  of  the  series  of  deposits  of  which 
it  is  composed. 
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Barbados  is  an  island  some  21  miles  long  by  11  broad  and  rising 
at  one  point  to  a  height  of  1104  feet  It  is  situated  at  a  distance  of 
100  miles  from  the  main  chain  of  the  Lesser  Antilles,  from  which  it 
is  separated  by  a  sea  1500  fathoms  deep.  It  is  composed  entirely  of 
sedimentary  deposits,  no  volcanic  rocks  occurring  on  the  island 
except  a  little  light  dust  and  pumice  which  was  probably  ejected 
from  a  vent  within  a  radius  of  300  miles ;  the  authors,  however, 
suggest  that  the  elevation  may  have  been  due  to  a  laccolite.  The 
absence  of  volcanic  rock  is  a  point  of  importance,  as  we  have  been 
taught  on  high  authority  <'  that  all  the  Lesser  Antilles  almost  with- 
out  exception  are  volcanic." 

Tlie  rocks  are  divided  into  four  groups  :  the  Scotland  series,  the 
Oceanic  series,  the  Coral  limestones  and  the  valley  deposits  and 
blown  sand.  The  first  consists  of  an  irregular  series  of  sandstones, 
grits,  and  shales,  with  some  bituminous  clays  yielding  petroleum, 
resembling  those  of  Trinidad  and  Venezuela;  the  whole  series  is 
much  contorted,  faulted  and  even  inverted ;  they  are  shown  to  be 
more  than  600  feet  thick,  while  their  base  is  not  seen,  and  they  are 
unoonformably  overlain  by  the  succeeding  beds.  Fossils  are  very 
rare  in  this  series,  and  they  are  so  imperfectly  preserved  that  all  the 
authors  can  conclude  is  that  they  have  "  general  resemblances  to  the 
fossils  in  those  deposits  of  Trinidad  which  are  regarded  as  Miocene  " 
(p.  15). 

The  Oceanic  series  overlie  these  unconformably ;  the  basement 
bed  is  a  hard  blue  limestone,  a  fact  of  very  considerable  importance 
on  the  question  of  the  deep-sea  origin  of  the  succeeding  800  feet  of 
chalky  earths,  limestones,  Badiolarian  marls,  and  red  clays.  The 
evidence  of  both  lithology  and  palaeontology  is  conclusive  as  to 
the  deep-sea  nature  of  the  deposits ;  thus  the  Foraminifem  indicate 
a  depth  of  1000  fathoms,  the  Echinoid  of  more  than  1000,  wiiile 
the  Kadiolaria  point  to  still  deeper  conditions.  The  evidence  as 
to  age  is  less  satisfactory :  the  Microzoa  are  of  little  value  in  this 
connexion ;  while  of  the  higher  fossils  the  only  one  that  has  been 
fnlly  worked  out  is  a  specimen  of  Oysteehinus  erassus,  Oreg.  The 
authors,  therefore,  merely  quote  the  opinion  of  the  describer  of  this 
fossil,  that  it  was  either  of  Pliocene  or  Pleistocene  age. 

The  Coral  Bocks  form  a  sheet  that  covers  144  out  of  the  166  square 
miles  of  the  island ;  it  is  rarely  more  than  200  feet  thick,  but  it  is 
in  places  as  much  as  260  feet.  The  coral  rock  is  merely  a  rough 
coarse-grained  limestone ;  beds  of  freestone,  a  very  porous  building- 
stone,  locally  known  as  dripstone,  and  some  intensely  hard  compact 
rook  that  forms  good  road-metal,  also  occur.  Much  of  the  coral 
rock  is  formed  of  broken  fragments  of  Corals,  Mollusca,  and 
NuUipores.  The  base  of  the  series  is  always  of  loose  rubble  or  half- 
consolidated  coral  or  marl.  In  one  of  the  caves  opened  by  the 
Water  Supply  Company,  the  coral  rock  is  seen  to  rest  on  a  mixture 
of  coral  sand  and  material  derived  from  the  siliceous  earth  :  none  of 
the  deposits  that  one  might  expect  to  find  on  Dr.  Murray's  hypothesis 
seem  to  be  present,  as  none  such  are  referred  to.  The  corals  aud 
shells  examined  show  that  the  whole  series  is  of  Pleistocene  age. 
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Of  the  four  concluding  chapters,  one  gives  an  outline  of  the 
physical  history  of  the  island  from  the  continental  couditiona 
indicated  by  the  Scotland  series  till  the  recent  elevations ;  a  second 
is  devoted  to  the  general  configuration  and  drainage,  a  point  of 
much  interest  in  connexion  with  the  recent  operations  of  the  Water 
Supply  Company,  under  the  able  guidance  of  Mr.  E.  Easton,  C.E., 
F.G.S.,  in  intercepting  the  underground  water-courses.  The  final 
chapters  are  on  the  soils  and  surface  deposits  and  contain  an  account 
of  the  economic  products  of  the  island. 

The  memoir  is  certainly  a  most  valuable  contribution  to  our 
knowledge  of  the  geology  of  the  Caribbean  area;  but  it  must  be 
judged  not  so  much  as  a  scientific  monograph  as  a  popular  guide  to 
the  authors'  geological  map  of  the  island.  Its  treatment  of  the 
scientific  problems  involved  is  only  preliminary  to  the  series  of 
more  detailed  papers  to  be  published  elsewhere.  But  the  work  is 
so  simply  and  interestingly  written,  and  the  points  upon  which 
further  evidence  is  wanted  so  clearly  indicated,  that  it  ought  to 
stimulate  the  residents  of  Barbados  to  a  more  careful  search  of  the 
lower  beds,  and  thus  enable  the  authors  to  settle  more  definitely 
the  age  of  the  Scotland  series,  which  is  the  most  important  problem 
that  still  awaits  solution.  J.  W.  G. 

IX. — North  American  Cretaceous  Echinoidka. 
Note  suk  quklquks  £chinides  du  Terrain  cRtTAC^  du  Mexique. 

Par  G.  CoTTKAU.    Bull.  Soc.  geol.  France  [3]  xviii.  pp.  292-99. 

PL  I.  II.     (Paris,  1890.) 
A  Revision  of  the  Cretaceous  Echinoidea  of  North  America. 

By  W.  B.  Clark.     Johns  Hopkins  University  Circulars,  No.  86. 

1891.  8  pp. 
rilHE  paucity  of  marine  Mesozoio  deposits  in  North  America  is  in 
X.  striking  contrast  to  the  extensive  development  of  those  systems 
in  Western  Europe;  hence  every  addition  to  the  fauna  of  those 
"ages"  on  the  other  side  of  the  Atlantic  is  of  great  interest  to 
European  geologists  as  supplying  further  material  to  assist  in  the 
study  of  the  evolution  of  the  same  group  in  the  two  provinces. 

The  Echinoidea  have  been  especially  neglected ;  hence  both  M. 
Cotteau  and  Mr.  Clark  are  able  to  make  most  valuable  additions  to 
the  North  American  fauna ;  the  literature  of  the  group  moreover  is 
very  scattered  and  most  of  the  species  have  been  described  by  men 
who  were  not  specialists,  so  that  a  revision  of  the  genera  was  greatly 
needed. 

In  M.  Cotteau*s  paper  is  given  a  careful  description  of  six  species 
from  Mexico  ;  two  of  these,  viz.  Diplopodia  malbosi  (Ag.)  and 
Salenta  prestensis  (Gras),  are  characteristic  of  the  European  Aptien. 
Three  of  the  other  species  are  of  European  genera,  viz.,  Fseudoddaris 
8nu88urei,  Lor.,  Holectypus  caatilloi,  Cott.,  and  Eiiallaster  megneanuSy 
Cott. ;  the  last  two  are  new  species ;  the  first  was  originally  based 
by  M.  de  Loriol  on  spines,  but  the  test  has  been  described  by  M. 
Cotteau.  The  sixth  species  is  that  described  by  D*Orbigny  as 
Echinoconua  {Galerites)  lanieri,  but  for  which  Prof.  Duncan  in  his 
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''  Revision"  established  a  new  genus,  Lanieria  ;  with  this  coarse  M. 
Cottean  fally  agrees.  The  last  species  may  be  of  Tei-tiary  age,  but 
the  others  are  all  Lower  Cretaceous. 

Mr.  Clark's  ''  Revision "  contains  a  list  of  the  species  hitherto 
described,  with  short  notes  on  the  synonymy.  The  list  includes  43 
species,  of  which  19  are  new ;  several  old  species  are  merged  as 
synonyms,  and  some  are  abandoned  as  indeterminable.  As  Mr.  Clark 
does  not  accept  Roemer's  genus  Maeraster,  not  one  genus  in  the  list 
is  peculiar  to  America ;  while  none  of  the  species  recorded  are  found 
in  Europe.  Gonwpygtu  and  Botriopygus  are  now  added  to  the 
American  fauna,  and  it  is  interesting  to  note  that  the  author  identifies 
one  species  as  a  PsarwmechinuB, '  The  paper  is  pi*eliminary  to  a  detailed 
monograph,  and  its  issue  was  a  very  wise  course,  as  in  a  group  in 
which  the  literature  is  so  scattered,  it  was  the  only  means  of  enabling 
the  work  to  be  made  fully  complete.  J.  W.  G. 
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I— Feb.  25,  1891.— A.  Geikie,  Esq..  LL.D.,  F.R.S.,  President, 
in  the  Chair. — ITie  following  com  muni  cations  were  read  : — 

1.  "  A  Contribution  to  the  Geology  of  the  Southern  Transvaal." 
By  W.  H.  Penning,  Esq.,  F.G.S. 

The  following  table  shows  the  author*s  classification  of  the 
sedimentary  rocks  of  this  region,  as  compared  with  those  of  Messrs. 
Dunn  and  Stow  and  Prof.  Rupert  Jones : — 


Dunn.     (Map,  1887.) 

Stow. 

T.  R.  JoxBS. 

Penning. 
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The  De  Kaap- Valley  Beds  consist  of  schists,  shales,  cherts,  and 
quartzites,  with  some  conglomerates,  cbloritic  and  steatitio  beds  of 
g:rent  thickness,  faulted,  according  to  the  author,  against  the  granite* 
They  contain  a  few  obscure  Corals,  and  are  provisionally  referred  to 
the  Silurian. 
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The  Witwatenrand  Series  oonsists  chiefly  of  sandstoDes,  shales, 
cherts,  and  quartzites,  haying  an  estimated  thickness  of  18,000  feet, 
possibly  formed  in  a  hollow  of  the  granite,  and  perhaps  of  marine 
formation. 

The  EHp-Biver  Series  is  formed  of  shales,  flagstones,  cherts, 
and  quartzites,  with  numerous  interstratified  traps,  and  is  at  least 
18,000  feet  thick.  Near  its  base  is  the  '<  Black  Reef"  and  s 
chalcedonite  like  that  described  by  the  author  in  connexion  with 
the  Lydenberg  district,  which  confirms  his  opinion  that  this  area 
is  formed  of  part  of  the  Megaliesberg  formation.  The  base  of  tbs 
series  is  generally  conformable  to  the  underlying  rocks.  The  whole 
of  the  lower  half  of  the  Megaliesberg  formation  is  let  down  against 
the  north  side  of  the  granite  south  of  Pretoria. 

The  author  divides  the  formation  which  he  described  in  1884 
under  the  heading  of  High-Level  Coalfields  of  South  Africa  into  the 
Eimberley  Beds  and  the  High  Veldt  Beds.  The  former  thin  out 
eastward,  and  are  overlapped  by  the  latter,  the  estimated  thickness 
of  which  is  2300  feet.  A  volcanic  rock  overlies  the  Coal-formation. 
Near  the  base  of  the  formation  is  a  bed  of  loose,  calcareous,  sandy 
clay  inclosing  many  waterwom  pebbles,  some  of  large  size,  derived 
from  the  quartzites  and  "bankets"  of  the  underlying  formation. 
The  author  is  convinced  that  the  region  was  under  glacial  influences 
at  some  time  during  the  long  period  which  intervened  between  the 
deposition  of  the  Megaliesberg  formation  and  of  the  coal-bearing 
rocks  of  the  High  Veldt,  which  latter,  he  maintains,  are  certainly 
Oolitic ;  the  latter  contain  Ohasopteria  (?)  and  Fishes,  which  he 
considers  to  be  nearly  allied  to  Lepidotus  valdenaU,  the  latter  being 
from  the  Free  State. 

llie  High- Veldt  rocks  are  of  fluvtatile  origin,  and  there  appears 
to  have  been  continuity  of  fluviatile  denudation  from  the  close  of  the 
Oolitic  period  until  now. 

2.  "  On  the  Lower  Limit  of  the  Cambrian  Series  in  N.W.  Caer- 
narvonshire." By  Miss  Catherine  A.  Raisin,  B.Sc.  Communicated 
by  Prof.  T.  a.  Bonney,  LL.D.,  F.R.S.,  V.P.G.S. 

In  this  paper  the  author  examines  the  questions,  whether  tlie 
Bangor  beds  should  be  included  in  the  Cambrian  series,  and  how  the 
strata  associated  with  the  southern  felstone  should  be  classed.  The 
lithological  character  of  the  rocks  overlying  the  conglomerate  at 
Bangor  is  shown  to  be  of  little  classificatory  value,  but  the  apparent 
discordance  between  its  strike  and  that  of  the  beds  beneath  suggests 
the  inclusion  of  the  latter  in  the  pre-Cambrian  series,  as  maintained 
by  Prof.  Hughes  and  Prof.  Bonney. 

The  age  of  the  northern  beds  must  depend,  however,  to  a  great 
extent  upon  the  classification  adopted  for  the  Llyn  Padarn  rocks. 
It  has  recently  been  proposed  to  regard  the  felstone  of  this  district 
as  a  lava-flow  of  Mid-Cambrian  age,  and  the  beds  to  the  north  as 
lower  strata  included  in  the  same  great  series.  The  author  points 
out  as  objections  to  this  view : — (1)  the  enormous  thickness  of  beds, 
which  in  that  case  must  be  cut  out  by  the  supposed  Arenig  uncon- 
formity at  Caernarvon;  (2)  the  difficulty  of  assigning  two  felsite 


Digitized  by  VjOOQIC 


Geological  Society  of  London.  237 

mAsteS  liihologically  similar  to  two  distinct  periods;  and  (3)  the 
oocurrence  of  oonglomerates  simiiar  to  those  which  are  elsewhere 
admitted  to  he  hasal  Cambrian.  But  in  addition  to  these  minor 
difficulties,  the  theory  of  a  Mid-Cambrian  age  for  the  above-named 
lava  is  shown  to  be  without  foundation.  It  was  supposed  that  in 
the  Bryn  Efail  quarry  the  slaty  rocks  of  the  district  immediately  to 
the  north  could  be  seen  in  contact  with,  and  altered  by,  this  lava. 
The  author  shows  that  no  slate  occurs  in  the  quarry,  a  diabase 
having  apparently  been  mistaken  for  it,  and  that  there  is  no  grit  in 
the  section  which  would  afford  any  support  to  the  new  theory.  The 
author  concludes  that  the  Llyn  Padam  felsite  is  probably,  as  classed 
by  Dr.  Hicks  and  Prof.  Bonney,  of  pre-Cambrian  age.  As  regards 
the  country  to  the  north,  the  argument  for  the  new  arrangement 
was  based  mainly  on  the  interpretation  of  the  Bryn  £fail  rocks; 
but  as  this  is  seen  to  be  erroneous,  the  section  founded  on  it  does  not 
appear  preferable  in  any  way  to  that  published  by  the  Geological 
Survey. 

3.  **0n  a  Labyrinthodont  Skull  from  the  Kilkenny  Coal-measures." 
By  R.  Lydekker,  Esq.,  B.A.,  F.G.S. 

The  author  describes  a  skull  from  Jarrow  Colliery,  which  he 
refers  to  Ichthyerpetnm,  and  names  I.  hxbemieumy  giving  reasons  for 
its  specific  distinctness  from  J.  (Erpetocefihalus)  rugosum,  Huxley. 
He  compares  it  with  allied  forms,  and  believes  that  it  is  a  member 
of  the  group  Brachyopina  of  Miall,  and  if  so  that  we  have  a  number 
of  forms  belonging  to  a  type  which  is  unknown  above  the  base  of 
the  Permian  in  Europe,  but  which  survived  to  later  times  in  the 
Indian,  Australian,  and  Ethiopian  regions. 

IL— March  11,  1891.— Dr.  A.  Geikie,  F.R.S.,  President,  in  the 
Chair. — The  following  communications  were  read : — 

1.  *•  Manod  and  the  Moelwyns."  By  A.  V.  Jennings,  Esq.,  F.L.S., 
r.G.S.,  and  G.  J.  Williams,  Esq.,  F.G.S. 

The  area  described  by  the  authors  is  on  the  N.  side  of  the 
Merionethshire  anticlinal  of  Lower  Cambrian  rocks,  and  contains 
Lingula  fiags,  Tremadoc  and  Arenig  rocks.  The  authors  correct  what 
they  think  is  an  inaccuracy  of  some  importance  in  the  correlation 
of  beds  in  different  parts  of  the  range,  as  interpreted  in  the  map 
and  memoir  of  the  Geological  Survey,  and  trace  with  greater  com- 
pleteness the  position  and  constancy  of  the  beds  of  slate  in  the 
Arenig  series — a  point  of  considerable  local  and  practical  importance 
to  those  engaged  in  slate-quarrying.  They  offer  also  what  seems 
to  them  to  be  conclusive  evidence  to  show  the  intrusive  nature 
of  the  great  crystalline  mass  known  as  the  syenite  of  Tan-y-Grisiau, 
and  to  its  intrusion  are  due,  in  their  opinion,  the  peculiar  physical 
characteristics  of  the  surrounding  country.  Though  in  the  immediate 
neighbourhood  of  Festiniog  there  is  no  direct  evidence  of  unconformity 
between  the  Tremadoc  and  Arenig  series,  it  seems  probable  that  an 
unconformity  does  exist;  for  when  traced  toward  the  west  the 
Tremadoc  beds  thin  out  and  the  Lingula  flags  are  overlain  by 
Graptolite-bearing  slates  of  Arenig  age,  while  eastward,  near  Llyn 
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Serw,  the  grit  comes  close  upon  Upper-Lingula  flags.  The  division 
of  the  Arenig  volcanic  rocks  into  Lower  Ashes,  Felstone,  and  Upper 
Ashes,  while  true  of  some  districts  and  useful  as  a  generalization, 
conveys  an  idea  of  uniformity  of  strata  all  round  the  anticlinal  whicb 
more  detailed  examination  of  different  districts  does  not  support. 

2.  "  The  Tudor  Specimen  of  Eozoon:'    By  J.  W.  Gregory,  Esq. 

After  careful  examination  of  all  the  slides  and  figures,  and  after 
consideration  of  Sir  W.  Dawson's  interpretation,  the  author  is 
absolutely  unable  to  recognize  in  the  specimen  any  trace  of  the 
"  proper  wall,"  "  canals,"  or  •*  stolon  passages  "  which  are  claimed 
to  occur  in  Eozoon,  or  any  reasons  for  regarding  the  calcite  bands  as 
the  "  intermediate  skeleton  "  of  a  Foraminifer.  There  are  points  m 
Sir  W.  Dawson's  figure  which  might  pass  as  "  stolon  passages,"  hot 
they  appear  very  different  in  a  photograph,  and  the  specimen  agrees 
with  the  latter. 

The  author,  however,  gives  reasons  for  concluding  that  the  case 
against  the  organic  origin  of  the  Tudor  specimen  does  not  rest  on 
negative  evidence  alone  ;  for  though  the  rock  is  much  contorted,  the 
twin  lamellss  and  cleavage -planes  of  the  calcite  are  not  bent ;  and 
the  fact  that  the  crystalline  bands  cut  across  the  beddtng-plaues 
further  shows  their  secondary  origin. 

The  rock  in  which  the  specimen  was  found  is  not  '*  Lower 
Laurentian,"  and  is  included  by  Messrs.  Selwyn  and  Vennor  in  the 
Huronian. 

III.— March  26, 1891.— Dr.  A.  Geikie,  F.R.S.,  President  in  the 
Chair. — The  following  communications  were  read  : — 

1.  "  Notes  on  Nautili  and  Ammonites."     By  S.  S.  Buckman,  Esq. 

1.  The  Position  of  the  Last  Septum, — Mr.  Bather's  theory  of  shell- 
growth  in  Cephalopoda  (Ann.  and  Mag.  Nat.  Hist  1888,  p.  300) 
seems  to  depend  upon  the  idea  that  the  last  septum  in  the  young  in 
Nautilus  and  Ammonites  was  always  formed  at  a  proportionately 
increased  distance  from  the  penultimate.  This  supposition  is  not 
borne  out  by  specimens  of  Nautilus,  Witchellia,  Lioeeras,  Ludmgia, 
and  Orammoceras  examined  by  the  author. 

2.  Shell-muscles  of  Nautili  and  Ammonites. — Two  specimens  of 
Ammonites  in  the  author's  collection  are  marked  by  impressions 
which  seem  to  indicate  the  position  of  the  shell-muscle. 

2.  "  On  the  Drifts  of  Flamborough  Head."  By  W.  G.  Lamplngh, 
Esq.,  F.G.S. 

The  author  describes  in  detail  the  characters  and  distribution  of 
the  glacial  deposits  on  Flamborough  Head,  and  classifies  them  as 
follows : — 

AUurial  wash,  freshwater  mark,  etc Becent. 

Late  glacial  gravels      

Upper  Boulder  Clay    

Intermediate  Series.     Stratified  beds  with  bands  of        m    •  i 

Boulder  Clay >     ^^*"*^- 

Basement  Boulder  Clay        

Chalky  rubble       

*' Infra-glacial*'  beds  of  Sewerby  and  Speeton. 
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He  discQsses  their  relationship  with  other  drifts,  and  arrives  at 
tbe  following  conclusions : — 

1.  The  glacial  deponits  are  divisihle  into  Upper  and  Lower 
Boulder  Clay,  with  an  Intermediate  series. 

2.  The  Lower  Clay  is  a  continuation  of  the  Basement  Clay  of 
Holderness,  and  is  the  product  of  the  first  general  glaciation  of  the 
area,  llie  Intermediate  series  passes  laterally  into  tbe  Purple  Clays 
of  Holderness,  and  has  been  deposited  at  the  edge  of  the  ice-sheet. 
The  Upper  Clay  includes  the  Hessle  Clay  of  Holderness,  and  marks 
the  latest  glaciation  of  this  region. 

3.  The  fossiliferous  beds  of  Sewerby  (**  Buried-oliff  Beds ")  and 
Speeton  (*'  Estuarine  shell-bed  ")  are  older  than  the  Basement  Clay, 
and  therefore  than  the  earliest  glaciation. 

4.  The  glaciation  was  effected  by  land-ice  of  extraneous  origin, 
which  moved  coastwise  down  the  North  Sea,  and  did  not  overflow 
the  greater  part  of  the  Yorkshire  Wolds. 

5.  Neither  the  Boulder  Clays  nor  the  Intermediate  gravels  are  of 
marine  origin,  the  shells  which  occur  in  them  being  derivative. 

6.  The  ice-sheet  seems  to  have  filled  the  North  Sea  basin  in  this 
latitude  from  the  commencement  of  the  glaciation  until  its  close. 
There  is  no  clear  evidence  here  for  a  mild  interglaoial  period,  but 
only  for  extensive  fluctuations  of  the  margin  of  the  ice. 

3.  "  On  a  Phosphatic  Chalk  with  Belemnitella  quadrata  at  Taplow." 
By  A.  Strahan,  Esq.,  M.A.,  F.G.S.  (Communicated  by  permission 
of  the  Director-General  of  the  Geological  Survey.) 

Two  beds  of  brown  chalk  in  an  old  pit  near  Taplow  Court  owe 
their  colour  to  a  multitude  of  brown  grains.  These  grains  are 
almost  entirely  of  organic  origin,  Foraminifera  and  shell-prisms 
forming  the  bulk  of  them.  Mr.  Player  has  analyzed  specimens  of 
the  brown  chalk,  and  finds  that  it  contains  from  16  to  3o  per  cent 
of  phosphate  of  lime.  The  tests  as  well  as  the  contents  of  the  Fora- 
minifera seem  to  have  been  phosphatized,  the  phosphate  appearing 
as  a  translucent  film  in  the  former  case,  and  as  an  opaque  mass  in 
the  latter.  In  the  case  of  the  prisms  of  moUuscan  shells,  the  whole 
of  the  phosphate  appears  to  be  in  the  opaque  form.  Minute 
coprolites  also  occur,  together  with  many  small  (ships  of  fish-bone, 
in  which  Dr.  Hinde  has  recognized  laounse,  while  some  have  been 
identified  by  Mr.  E.  T.  Newton  as  portions  of  fish-teeth. 

Mr.  Player  observes  that  the  phosphate  occurs  in  such  a  condition 
that  it  would  not  improbably  serve  as  a  valuable  fertilizer,  without 
conversion  into  superphosphate.  This  condition  is  probably  due  to 
the  partial  replacement  of  carbonate  of  lime  by  phosphate  in  the 
organisms.  Tbe  removal  of  the  remaining  carbonate  leaves  the 
phosphate  in  a  honeycombed  state,  peculiarly  favourable  for  attack 
by  the  acids  in  the  soil. 

Tbe  author  comments  upon  the  resemblance  of  the  deposit  to  the 
phosphatic  chalk  with  Belemnitella  quadrata  which  is  largely  worked 
in  Northern  France,  and  upon  a  less  striking  resemblance  with  that 
of  Ciply,  which  is  at  a  higher  horizon. 
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DYNAMIC  METAMORPHISM  OF  ROCKS. 

Sir, — Tt  is  from  do  mere  love  of  controversy  that  I  should  like 
just  to  say,  in  reply  to  Mr.  Hutchings'  query  (Geol.  Mao.  for  Api-il, 
1891,  p.  168)  I  that — while  I  am  unable  to  appreciate  unnecessarily 
realistic  play  upon  a  metaphor  which  is  no  invention  of  mine,  and 
have  no  right  to  quarrel  with  him  if  he  is  still  smitten  with 
the  charms  of  the  fallacy  to  which  I  referred — it  seems  to  me  that, 
to  apply  the  term  ^*  dynamic  metamorphism "  to  a  rock  whose 
internal  structure  shows  no  signs  of  differential  movement  (under 
pressure)  of  its  constituent  particles,  is  only  another  instance,  added 
to  those  with  which  we  are  already  too  familiar  in  petrology,  of  the 
abuse  of  technical  language.  Further,  Mr.  Hutchings  seems  to 
me  to  surrender  the  point  in  the  very  next  paragraph,  if  the  Coal- 
seams,  by  undergoing  compression,  have  acted  as  buffers  to  relieve 
the  fire-clays  of  that  portion  of  the  mechanical  force  which  otherwise 
might  be  expended  upon  them  to  induce  a  cleavage-structure,  in 
those  larger  movements,  to  which  the  Goal-measures  of  Northumber- 
land as  a  whole  have  been  subjected.  There  seems  to  be  some 
confusion  between  dynamic  agencies  of  change  in  the  internal 
morphology  of  a  rock  and  what  Prof.  Judd  has  described  as  static 
(Geol.  Mao.  1889,  Dec.  III.  Vol.  VI.  pp.  243  ei  seq^,  the  potency  of 
of  which  I  had  previously  recognized  in  my  Thesis  (see  Chem.  and 
Phys,  Studien,  eta,  pp.  53-55,  93)  to  the  extent  of  inducing  such 
metamorphio  alteration  in  chemical  compounds  previously  formed  as 
might  complete  their  individuality  qud  minerah. 

This  being  so,  I  may  be  allowed  to  repeat  my  thanks  to  Mr. 
Hutchings  for  his  most  valuable  contributions  of  facts,  the  full 
value  and  bearing  of  which  will  perhaps  be  better  seen,  when  the 
present  acute  stage  shall  have  passed  of  that  "  pressure  on  the 
brain,"  under  which  English  petrology  would  seem  at  present  to  be 
suffering. 
Wellinotoit  Collbob,  Berks,  A.  Ikvimo. 

^th  Aprils  1891. 


3^ISCEXiIiJL3SrEOTTS. 


DiscovBBT  OP  Lower  Silurian  Fishes. — At  the  meeting  of  the 
Biological  Society  of  Washington,  on  February  7th,  1891,  Mr. 
Chas.  D.  Walcott,  of  the  United  States  Geological  Survey,  announced 
the  discovery  of  numerous  dermal  plates  apparently  of  fishes  in  a 
formation  believed  to  be  of  Trenton  age,  near  Cafion  City,  Colorado. 
Mr.  Walcott  contemplates  presenting  a  full  account  of  the  subject  to 
the  Geological  Society  of  America  at  their  forthcoming  meeting  in 
Washington  in  August  next. 
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I. — ^Thb  Gigantic  Ckratopbidje,   ob  Hobnxd  Dinosaubs,    ov 
North  Amebioa.^ 

(PABT  II.,  continued  from  p.  199.) 

By  Prof.  0.  C.  Mamh,  Ph.D.,  LL.D.,  P.G.8.,  etc. 

Thb  Soapi7lab  Aboh  and  Fobe  Limbs. — The  soapula  is  massive, 
especially  below.  The  shaft  is  long  and  narrow,  with  a  thin  edge 
in  front,  and  a  thick  posterior  margin  above  the  glenoid  fossa.  The 
distal  portion  has  a  median  external  ridge,  and  a  thick  end  (Wood- 
cut, p.  242,  Fig.  l,«c.). 

The  ooracoid  is  rather  small,  and  in  old  indtvidoals  may  become 
miited  to  the  scapula.  It  is  sub-rhombic  in  outline,  and  is  perforated 
by  a  large  and  well-defined  foramen.  No  indications  of  a  sternum 
have  yet  been  found  in  this  group  (Woodcut,  Fig.  1,  cr,). 

The  humerus  (Fig.  2)  is  large  and  robust,  and  similar  in  form 
to  that  of  Stegosaurus.  It  is  nearly  as  long  as  the  femur  in  one 
individual,  proving  that  the  animal  walked  on  all  four  feet.  The 
radius  and  ulna  (Fig.  3)  are  comparatively  short  and  stout,  and  the 
latter  has  a  very  large  olecranon  process. 

There  were  five  well-developed  digits  in  the  manus.  The  meta- 
carpals are  short  and  stout,  with  rugose  extremities.  The  distal 
phalanges  are  broad  and  hoof-like,  showing  that  the  fore-feet  were 
distinctly  ungulate  (Woodcut,  Figs.  11-16,  pp.  245-246). 

The  Pelvis. — The  pelvis  in  this  group  is  very  characteristic,  and 
the  three  bones,  ilium,  ischium,  and  pubis,  all  take  a  prominent  part 
in  forming  the  acetabulum.  The  relative  size  and  position  of  these 
are  shown  in  the  diagram  (Woodcut,  Fig.  4),  which  represents  the 
pelvic  elements  as  nearly  in  the  same  plane  as  their  form  will 
allow,  while  retaining  essentially  their  relative  position  in  life. 

The  ilium  is  much  elongated,  and  differs  widely  from  that  in  any 
of  the  known  groups  of  the  Dinosauria.     The  portion  in  front  of 

^  Bead  before  Section  C,  of  the  British  Association  for  the  Advancement  of  Science, 
at  the  Leeds  Meeting,  September  4, 1890.  See  also  American  Journal  of  Science  (3), 
vol.  xzxyL  p.  477,  Becember,  1888 ;  vol.  xxxvii.  p.  334,  April,  1889;  Tol.  zzzviii. 
p.  173,  Angnst,  1889,  p.  501,  December,  1889 ;  and  vol.  zuiz.  p.  81,  January, 
1890,  p.  418,  May,  1890. 

DBCADB  tU. — VOL.  TUI. — ^NO.  TI.  16 
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I 


Pio.  1. — liight  scapula  and  coracoid  of  Triceratops  prorsus. 

Marsh  ;  side  view. 
Fig.  2. — Right  humerus  of  same  species  ;  front  view. 
Fig.  3. — Left  ulna  of  same  species ;  front  view.    er.  coracoid; 

ff.   glenoid  fossa  ;    h.  head  ;    o.  olecranon  ;    r.  radial 

crest;   r'.  face  for  radius  ;  ».  suture  ;  sc  scapula. 

All  the  figures  are  one -eighth  natural  size. 
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Fia.  4.— Pelvis  of  Trieeratops  JlahdlatuSj  Marsh,  side  view,  one-twelfth  nat.  size. 

a.  acetabulum  ;  iL  ilium  ;   is.  ischium  ;  p.  pubis. 
Fig.  6. — Pubis  of  Triceratops  prorsus,  Marsh,  side  view,  one-eighth  nat.  size. 
Pio.  6. — the  same  pubis;  top  view.  Fio.  7. — The  same,  side  view. 

0,  proximal  end ;  b,  face  of  ilium ;  c,  pubic  process ;  d,  distal  end. 
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the  acetabulum  forms  a  broad,  horizontal  plate,  which  is  continued 
backward  over  the  acetabulum,  and  narrowed  in  the  elongated, 
posterior  extension.  Seen  from  above,  the  ilium,  as  a  whole, 
appears  as  a  nearly  horizontal,  sigmoid,  plate.  From  the  outside, 
as  shown  in  the  diagram,  the  edge  of  this  broad  plate  is  seen. 
8  9 


Fio.  8— Left  femur  of  THeeratops  prorsut.  Marsh  (front  view). 
Fio.  9.— Left  tibia  of  same  species  (front  view). 
Fig.  10.— The  same  tibia ;  distal  end ;  (back  yiew). 

a,  astragalus ;    «,  inner  condyle ;     «'  cnemial  crest ;  /,  face  for  fibula ; 
A,  head ;  /,  great  trochanter.    Figs.  8—10  all  one-eighth  nat.  size. 
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The  protuberance  for  the  support  of  the  pabis  is  oomparativelj 
small,  and  elongated.  The  faoe  for  the  ischium  is  much  larger,  and 
but  little  produced.  The  acetabular  face  of  the  ilium  is  quite 
narrow. 

The  pubis  is  massive,  much  compressed  transversely,  with  its 
distal  end  widely  expanded,  as  shown  in  the  Figure  (5).  There  is 
no  post-pubis.  The  pubis  itself  projects  forward,  outward,  and 
downward.  Its  union  with  the  ilium  is  not  a  strong  one,  and  is 
similar  to  that  seen  in  the  pubis  of  Stegosaurua. 

The  ischium  is  smaller  than  the  pubis,  but  more  elongate.  Its 
shaft  is  much  curved  downward  and  inward,  and  in  this  respect  it 
resembles  somewhat  the  corresponding  part  of  the  pubis  of  the 
Ostrich.  There  is  no  indication  that  the  two  ischia  met  closely  at 
their  distal  ends,  and  they  were  probably  united  only  by  cartilage. 

A  comparison  of  this  pelvis  with  that  of  Stegoaaurw  shows  some 
points  of  resemblance,  but  a  wide  difEerence  in  each  of  the  elements. 
The  pubis  corresponds  in  its  essential  features  to  the  pre-pubis  of 
Siegosaurus,  but  the  post-pubis  is  wanting.^ 

The  Posterior  Limbs. — The  femur  (Woodcut,  Fig.  8)  is  short, 
with  the  great  trochanter  (L)  well  developed.  The  shaft  is  oom- 
pai-atively  slender,  and  the  distal  end  much  expanded.  The  third 
trochanter  is  wanting,  or  represented  only  by  a  rugosity. 

The  tibia  (Woodcut,  Fig.  9)  is  of  moderate  length,  and  resembles 
that  of  Stegosaurus,  The  shaft  is  slender,  but  the  ends  are  much 
expanded.  The  fibula  is  very  slender,  and  the  distal  end  was 
closely  applied  to  the  front  of  the  tibia  (Woodcut,  Figs.  9  and  10/.). 
In  adult  individuals,  the  astragalus  is  firmly  coossified  with  the 
distal  end  of  the  tibia,  as  in  Stegosat^rus  (Figs.  9  and  10  a,  a). 

The  metatarsal  bones  which  were  functional  are  rather  long,  but 
massive  (Woodcut,  Figs.  17-19).  Their  phalanges  are  stout,  and 
the  distal  ones  broad  and  rugose,  indicating  that  the  digits  were 
terminated  by  very  strong  hoofs  (Woodcut,  Figs.  20,  21,  22). 

All  the  limb  bones  and  vertebrsB  in  Triceratops,  and  the  nearly 
allied  genera,  are  solid. 

11  12  13 


Fio.  11. — Metacarpal  of  Trieeratopa  prartutf  Marsh  (front  view),  one-eighth 
natural  size.    Fiob.  12  and  13. — The  same  bone ;  side  and  back  views. 

The  Dermal  Armour. — Beside  the  armature  of  the  skull,  the 
body  also  in  the  Ceratopsida  was  protected.  The  nature  and 
position  of  the  defensive  parts  in  the  different  forms  cannot  yet  be 

^  The  pubis  recently  discovered,  and  represented  in  Woodcuts  Figs.  5,  6,  7,  has  a 
short,  splint-like  process,  which  may,  perhaps,  be  a  remnant  of  a  post-pubic  element, 
alUiougii  it  has  not  the  position  of  the  post-pubio  bone  in  other  iJinosaurs. 
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Fio.  14. — Tenninal  phalanx  of  manus  of  Trieeratopa  Jtabellatu;  Marsh  ;  front 
iew ;  one-fourth  natural  size.    Fios.  15  and  16. — Side  and  hack  views  of  same. 

Fio.  17. — JMetatarsal  of  Trieeratops  prorsus,  Marsh;  side-Tiew;  one-eighth 
natural  size.    Figs.  18  and  19. — Front  and  side  view  of  same. 

Fig.  20. — Ungual  phalanx  of  Trieeratopt  horridus,  Marsh  ;  front  view ;  one- 
fourth  natural  size.  Fig.  21.— The  same;  side  view.  Fio.  22. — The  same; 
posterior  view. 

Fio.  23. — Dermal  spine  of  Trieeratopa  ;  side  view  ;  one-eighth  natural  size. 

Figs.  24  and  25.— Front  and  top  views  of  same. 

Ehratum.— In  Geol.  Mao.  May  No.  pp.  196,  196,  197,  199,  for  Triceratopi 
*poro8U9,*.  read  Trieeratopa prortusy  Marsh.— Edit.  Geol.  Mag. 
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detennined  with  oertainty,  bat  various  spines,  bosses,  and  plates 
have  been  found,  that  clearly  pertain  to  the  dermal  covering  of 
Trieeratops,  or  nearly  allied  genera.  Several  of  these  ossifications 
were  probably  placed  on  the  back,  behind  the  crest  of  the  skull 
(Woodcut,  Figs.  33-34),  and  some  of  the  smaller  ones  may  have 
defended  the  tihroat,  as  in  Stegosaurus, 


Fro.  26. — Dermal  plate  of  Trieeratops ;  top  view  ;  one-eighth  natural  size. 
Fio.  27. — Bottom  view  of  same.     Figs.  28  and  29. — Side  and  end  views  of  same. 
Fios.  30-32.— Dermal  plate  of  Trieeratops ;  top,  bottom  and  side  views ;  one- 
eighth  natural  size. 
Fio.  33. — Dermal  ossification  of  Trieeratops ;  side  view ;  one-half  natural  size. 
Fio.  34, — Front  view  of  same. 

The  remarkable  extinct  reptiles  here  briefly  described  present 
many  characters  which  separate  them  widely  from  all  other  known 
Dinosaurs.  Some  of  these  characters  are  evidently  the  result  of  a 
high  degree  of  specialization,  but  there  are  others  that  cannot  be 
thus  explained.  The  specialization  evidently  began  in  the  skull, 
and  there  reached  its  greatest  development.  The  peculiar  armature 
of  the  skull  has  a  partial  parallel  in  the  genus  Fhrynosoma  among 
the  recent  Lizards,  and  Meiolania  among  the  extinct  Turtles.  A 
tu^estion  of  the  parietal  crest  may  be  seen  in  the  existing  Chameleo, 
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which  offers  other  points  of  resemblance  in  its  skull  and  skeleton. 
These  features,  however,  indicate  only  a  very  remote  affinity,  and 
it  is  among  the  Dinosaurs  alone  that  this  group  can  be  placed,  as  a 
distinct  family,  in  the  order  Omiihopoda. 

The  CeratopsidcB  resemble,  in  various  points,  the  Siegoaautia  of 
the  Jurassic,  especially  in  the  vertebrsB,  limbs,  and  feet.  The 
greatest  difference  is  seen  in  the  skull,  but  the  pelvic  arch,  also, 
shows  a  wide  divergence.  In  the  Ceratopsida,  there  is  no  marked 
enlargement  of  the  spinal  cavity  in  the  sacrum,  and  there  is  no 
post-pubis. 

The  characters  above  given  are  based  upon  fossils  which  I  have 
personally  investigated,  including  the  type  specimens  of  Ceratops 
and  Triceratops,  on  which,  mainly,  the  family  Ceratopsido^  was 
established.  The  material  now  at  my  command  includes  the 
remains  of  many  individuals,  among  which  are  portions  of  about 
twenty  different  skulls,  and  some  of  these  are  nearly  perfect  In 
the  memoir  now  in  preparation,  I  shall  fully  describe  and  illustrate 
all  the  more  important  of  these  specimens,  and  likewise  discuss  their 
relations  to  allied  forms. 

The  generic  names,  Agathaumas,  Crataomus,  Monoelontus,  and 
one  or  two  others,  have  been  given  to  fragmentary  fossils,  which 
may  belong  to  this  group,  but  these  remains,  so  far  as  made  known, 
appear  quite  distinct  from  those  here  described. 

In  conclusion,  let  me  say  a  word  as  to  how  the  discoveries  here 
recorded  have  been  accomplished.  The  main  credit  for  the  work 
justly  belongs  to  my  able  assistant,  Mr.  J.  B.  Hatcher,  who  has 
done  so  much  to  bring  to  light  the  ancient  life  of  the  Bocky 
Mountain  region.  I  can  only  claim  to  have  shared  a  few  of  the 
dangers  and  hardships  with  him,  but  without  his  skill  and  energy, 
little  would  have  been  accomplished.  If  it  is  borne  in  mind  that 
two  of  the  skulls  weighed  nearly  two  tons  each,  when  partially 
freed  from  their  matrix,  and  ready  for  shipment,  in  a  deep,  desert 
canon,  fifty  miles  from  a  railway,  you  will  appreciate  one  of  the 
mechanical  difficulties  overcome.  When  I  add  that  some  of  the 
most  interesting  discoveries  were  made  in  the  hunting  grounds  of 
the  hostile  Sioux  Indians,  who  regard  such  explorations  with  super- 
stitious dread,  you  will  understand  another  phase  of  the  problem. 
I  might  speak  of  even  greater  difficulties  and  dangers,  but  the 
results  attained  repay  all  past  efforts,  and  I  hope  at  no  distant  day 
to  have  something  more  of  interest  to  lay  before  your  readers. 

II. — AppaNBix. — Restoration  of  Tbigbbatops. 

By  Prof.  0.  C.  Maksh,  Ph.D.,  LL.D.,  F.G.S.,  etc. 

(PLATE  Vn.) 

IN  previous  numbers  of  this  Magazine,  the  vmter  has  given  the 
principal  characters  of  the  gigantic  CeratopaidcB,  or  homed 
Dinosaurs,  from  the  Laramie,  with  figures  of  the  more  important 
parts  of  the  skull   and   skeleton.^     The  abundant  materisd  now 

^  See  Oeol.  Mao.  1890,  January  Number,  pp.  1-5,  and  Plate  I.  Obol.  Mao. 
1891,  April  Number,  PI.  IV.  May  Number,  PI.  V.  pp.  193-199,  ante,  pp.  241-248. 
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available  for  examination  makes  it  possible  to  attempt  a  restoration 
of  one  oharacteristio  form,  and  the  result  is  given  in  Plate  VII. 
This  figure,  about  one-fortieth  of  natural  size,  is  reduced  from  a 
large  outline  plate  of  a  memoir  on  this  group,  now  in  preparation  by 
the  writer  for  the  United  States  Geological  Survey. 

This  restoration  is  mainly  based  on  two  specimens.  One  of  these 
is  the  type  of  Triceratapa  prorstu.  Marsh,  in  which  the  skull,  lower 
jaw,  and  cervical  Tertebne  are  in  remarkable  preservation.  The 
other  specimen,  although  somewhat  larger,  is  referred  to  the  same 
species.  It  consists  of  parts  of  the  skull,  of  vertebra,  the  pelvic 
arch,  and  nearly  all  the  important  limb  bones.  The  remaining 
portions  are  mostly  taken  from  other  remains  found  in  the  same 
horizon  and  localities,  and  at  present  are  not  to  be  distinguished 
specifically  from  the  two  specimens  above  mentioned.  The  skull  as 
here  represented  corresponds  in  scale  to  the  skeleton  of  the  larger 
individual. 

In  this  restoration,  the  animal  is  represented  as  walking,  and  the 
enormous  head  is  in  a  position  adapted  to  that  motion.  The  massive 
fore  limbs,  proportionally  the  largest  in  any  known  Dinosaur, 
correspond  to  the  head,  and  indicate  slow  locomotion  on  all  four  feet. 

The  skull  is,  of  course,  without  its  strong  homy  covering  on 
the  beak,  horn-cores,  and  posterior  crest,  and  hence  appears  much 
smaller  than  in  life.  The  neck  seems  short,  but  the  first  six 
cervical  vertebrsB  are  entirely  concealed  by  the  crest  of  the  skull, 
which  in  its  complete  armature  would  extend  over  one  or  two 
vertebras  more.  The  posterior  dorsals  with  their  double-headed  ribs 
continue  back  to  the  sacrum  itself,  there  being  no  true  lumbars, 
although  two  vertebrae,  apparently  once  lumbars,  are  now  sacrals,  as 
their  transverse  processes  meet  the  ilia,  and  their  centra  are  coossified 
with  the  true  sacrum.  The  four  original  sacral  vertebrsa  have  their 
neural  spines  fused  into  a  single  plate,  while  the  posterior  sacrals, 
once  caudals,  have  separate  spines  directed  backward. 

No  attempt  is  made,  in  this  restoration,  to  represent  the  dermal 
armour  of  the  body,  although  in  life  the  latter  was  more  or  less 
protected.  Various  spines,  bosses,  and  plates,  indicating  such  dermal 
armature,  have  been  found  with  remains  of  this  group,  but  the 
exact  position  of  these  specimens  can,  at  present,  be  only  a  matter 
of  conjecture. 

This  restoration  gives  a  correct  idea  of  the  general  proportions 
of  the  entire  skeleton  in  the  genus  Trieeraiops.  The  size,  in  life, 
would  be  about  twenty-five  feet  in  length,  and  ten  feet  in  height. 
The  genus  Oeraiops  so  far  as  at  present  known  is  represented  by 
individuals  of  smaller  size,  and  in  some  instances,  at  least,  of  quite 
different  proportions.  A  third  genus,  which  may  be  called  S/er- 
rholophus,  can  be  readily  distinguished  from  the  other  two  by  the 
parietal  crest,  which  had  its  entire  posterior  surface  covered  with 
the  ligaments  and  muscles  supporting  the  head.  In  Ceratopa  and 
Tieeraiops,  a  wide  margin  of  this  surface  was  free,  and  protected  by 
a  thick,  homy  covering.  The  type  of  the  new  genus  is  the  specimen 
described  and  figured  by  the  writer,  as  Triceratops  flahellatus,  which 
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in  future  may  be  known  as  SUrrholophw  flabeUatus,  Marsh.  There 
is  some  evidenoe  that  other  forms,  quite  distinct,  left  their  remains 
in  essentially  the  same  horizon  of  the  Laramie,  but  their  true 
relation  to  the  above  genera  cannot  be  settled  withoat  further 
disooveries. 

This  group  so  far  as  at  present  investigated  is  very  distinct  from 
all  other  known  Dinosaurs,  and  whether  it  should  be  regarded  as  a 
family,  CeraiopndtB,  as  first  described  by  the  writer,  or  as  a  sub- 
order, Ceratopsia,  as  later  defined  by  him,  will  depend  upon  the 
interpretation  and  value  of  the  peculiar  characters  manifested  in  its 
typical  forms. 

The  main  characters  which  separate  the  group  from  all  other 
known  families  of  the  Dinosawria  are  as  follows : 

(1)  A  rostral  bone,  forming  a  sharp,  cutting  beak. 

(2)  The  skull  surmounted  by  massive  horn-cores. 

(3)  The  expanded  parietal  crest,  with  its  marginal  armature. 

(4)  A  pineal  foramen. 

(6)  The  teeth  with  two  distinct  roots. 

(6)  The  anterior  cervical  vertebrae  codssified  with  each  other. 

(7)  The  dorsal  vertebra  supporting,  on  the  diapophysis,  both 
the  head  and  tubercle  of  the  rib. 

(8)  The  lumbar  vertebr»  wanting. 

The  animals  of  this  group  were  all  herbivorous,  and  their  food 
was  probably  the  soft  succulent  vegetation  that  flourished  during 
the  Cretaceous  period.  The  remains  here  figured  are  from  the 
Ceratops  beds  of  the  Laramie,  and  were  found  by  Mr.  J.  B.  Hatcher, 
in  Wyoming,  on  the  eastern  slope  of  the  Rocky  Mountains. 


IIL — Notes  ok  a  Collbotion  op  Books  from  the  Tonga 

Islands. 

By  Alfred  Harker,  M.A.,  F.G.S., 

Fellow  of  St.  JoWs  College,  Cambridge. 

THE  Tonga  or  Friendly  Islands  in  the  South  Pacific  Ocean  seem 
to  have  received  hitherto  no  attention  from  geologists,  and 
I  can  find  no  published  information  as  to  their  geological  constitu- 
tion beyond  the  simple  record  of  the  existence  of  volcanoes  and 
coral-reefs.  The  material  of  these  brief  notes  was  mostly  collected 
by  Mr.  J.  J.  Lister,  M.A.,  during  the  cruise  of  H.M.S.  Egeria  in 
1889;  and,  through  the  courtesy  of  Captain  Wharton,  B.N.,  F.R.S., 
Hydrographer  to  the  Admiralty,  I  have  had  the  opportunity  of 
examining  a  few  additional  specimens  collected  by  Captain  C.  F. 
Oldham,  R.N.,  Commander  of  the  Egeria,  in  1890.  In  view  of  the 
general  account  of  the  islands  which  IMr.  Lister  is  preparing,  I  notice 
here  only  such  points  as  arise  directly  from  an  examination  of  the 
specimens. 

It  is  well  known  that  most  of  the  Pacific  Islands  which  have  been 
explored  seem  to  be  built  largely  of  either  volcanic  or  calcareous 
formations,  usually  supposed  to  be  of  Beoent  origin.  Indeed  the 
idea  seems  to  have  been  entertained  in  some  quarters  that  such  was 
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the  universal  oonstraction  of  the  islands.  Draschei^  writing  in  1879, 
restricted  this  theory  to  those  islands  lying  eastward  of  a  certain 
line,  drawn  from  Eamschatka  through  Japan,  the  Philippines,  New 
Gninea,  New  Caledonia,  New  Zealand,  Auckland  and  Macquarie 
Islands  to  the  Antarctic  Yictoria.  Even  at  that  time,  however,  such 
rocks  as  clay-slates,  greywackes,  etc.,  had  been  recorded  in  the 
Chatham  Islands'  and  New  Britain,'  east  of  Drasche's  line,  and 
leptinites,^  granite,  and  gneiss  ^  in  the  Marquesas,  far  to  the  east, 
Later  researches  have  proved  the  existence  of  numerous  crystalline 
rocks,  igneous  and  metamorphic,  in  the  larger  islands  of  the  Fiji  • 
and  Solomon^  archipelagos,  and  suggested  that  in  many  other 
islands  such  rocks  may  be  only  masked  by  a  comparatively  thin 
covering  of  organic  or  volcanic  accumulations. 

It  may  be  inquired,  then,  whether  the  Tonga  Islands  show  any 
indication  of  the  existence  of  denuded  crystalline  rocks  beneath  the 
newer  deposits.  No  such  rocks  have  been  found  in  place,  and  the 
evidence  available  is  very  slight.  Eua,  the  most  southerly  of  the 
larger  islands,  differs  to  some  extent  from  the  rest  in  geological 
structure,  and  from  the  eastern  shore  of  this  island  Mr.  Lister 
collected  a  boulder,  one  of  many  there  seen,  which  is  neither  a 
volcanic  nor  an  organic  rock.  I  have  described  it  (Gbologioal 
Magzins  for  April,  p.  172)  as  a  uralitised  gabbro,  and,  though  some 
petrologists  would  prefer  to  name  it  diabase,  it  is  unlike  any  super- 
ficially erupted  lava.  Further,  there  is  no  doubt  that  it  is  derived 
from  the  island  on  which  it  was  found.  The  only  other  suggestive 
point  is  the  rare  presence  of  minute  fragments  of  red  garnet  and 
blue  tourmaline  in  the  calcareous  andesitic  sandstones  largely 
developed  in  the  same  island.  These  fragments,  blown  out  from 
a  volcano,  point  to  the  existence  of  metamorphic  rocks  below, 
though  at  what  depth  it  would  be  idle  to  speculate. 

With  the  exception  of  the  dykes  mentioned  below,  the  volcanic 
rocks  of  Eua  seem  to  consist  entirely  of  fragmental  accumulations, 
no  lava-flows  being  seen.  Mr.  Lister's  collection,  however,  contains 
a  specimen  of  a  boulder  from  the  same  locality  as  the  one  mentioned 
above,  which  is  a  grey  compact-looking  andesite  of  specific  gravity 
2-618.  It  shows  under  the  microscope  a  kind  of  flow-brecciation 
which  causes  us  to  compare  the  rock  with  extruded  lavas  rather 
than  with  the  dykes  exposed  near  the  locality  in  question.  The 
rock  [1258]  consists  of  very  numerous  little  plagioclase  crystals 
imbedded,  with  marked  parallel  arrangement,  in  an  isotropic  ground. 
The  felspars  are  lath-shaped  to  acicular,  and  twinned  or  simple 
according  to  their  size.  There  is  little  or  no  augite,  but  an 
occasional  crystal  of  rhombic  pyroxene  transformed  into  pale  green 

1  Ncn.  Jahrb.  1879,  p.  265. 

*  See  Darwin's  "Geological  Observations: "  cf.  Haast,  Trans.  N.Z.  Inst.  vol.  i. 
p.  180,  1869,  and  Hector,  ibid.  vol.  ii.  p.  183,  1870. 

>  Meinicke,  "Inseln  des  Stillen  Oceans,"  vol.  i.  p.  133,  1875. 

*  Jardin,  Mdm.  Soc.  Imp.  Sci.  Nat.  Cherbourg,  vol  iv.  p.  65, 1856. 

»  Marcon,  "Explic.  Carte  G6ol.  de  la  Terre,'^p.  185,  1876  ;  authority  not  cited. 

"  Wichmann,  Tsch.  Min.  Petr.  Mittb.  vol.  v.  p.  i.  1882. 

^  Gnppy,  <*  The  Solomon  Islanda,  their  Geology,''  etc.,  1887. 
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fibions  bastiie.  Magnetite  grains  and  crystals  occur  sparingly. 
The  most  plentiful  secondary  product  is  yellow-green  pleochroio 
epidote,  which  seems  in  part  to  replace  some  of  the  larger  felspars. 
The  slide  shows  numerous  irregularly  shaped  patches  of  andeeite 
differing  from  their  matrix.  They  are  sometimes  of  finer  texture, 
sometimes  coarser,  or  again  have  a  fine  ground  enclosing  porphyritio 
felspabs.  These  patches  do  not  share  in  the  general  flow  structure 
of  the  rock,  and  seem  to  be  relics  of  a  solid  crust  formed  on  the 
surface  of  a  cotdSe,  and  broken  up  by  subsequent  movement  of 
the  mass. 

Mr.  Lister  notes  three  dykes  exposed  on  the  eastern  shore  of  Eua. 
These  cut  through  the  volcanic  deposits,  but  are  older  than  the 
overlying  limestones,  which  they  do  not  penetrate.  The  specimens 
are  of  a  dull-grey  andesite,  sometimes  showing  porphyritic  felspars 
to  about  an  eighth  of  an  inch  long,  or  little  dark  spots  which 
represent  decomposing  pyroxene. 

Under  the  microscope  these  rocks  show  innumerable  microlites  of 
felspar  imbedded  in  an  isotropic  base.  When  porphyritic  felspars 
occur,  they  exhibit  Oarlsbad  and  albite  twinning  and  strong  zonaiy 
banding  in  polarized  light.  Augite  is  not  recognizable  in  the 
ground-mass,  but  occurs  in  more  or  less  idiomorphic  crystals, 
colourless  or  nearly  so  in  section,  among  the  earlier  minerals.  With 
it  is  associated  a  pale  yellow  enstatite  in  good  prisms  terminated 
by  the  dome  (102)  [slide  1261].  Magnetite  is  present  either  in 
crystals  of  the  earlier  consolidation  or  in  little  granules  in  the 
ground-mass.  As  secondary  products  we  find  caloite  from  the 
felspars,  delessite  and  calcite  from  the  augite,  and  green  dichroio 
bastite  from  the  rhombic  pyroxene  [12G0],  A  specimen  [1259] 
from  the  northerly  dyke  shows  the  usual  microlitic  ground  traversed 
by  distinct  branching  veins  which  consist  mainly  of  larger,  though 
still  mostly  untwinned,  crystals  of  felspar,  extinguishing  nearly 
parallel  to  their  length,  and  perhaps  referable  to  sanidine.  These 
veins  are  probably  segregations  marking  the  last  phase  in  the 
consolidation  of  the  mass. 

The  fragmental  volcanic  rocks  of  Eua  are  well  bedded  in  nearly 
horizontal  strata,  and  exhibit  frequent  alternations  of  types  differing 
in  degree  of  coarseness,  etc.  Some  are  of  the  nature  of  volcanic 
dust,  forming  bands  of  grey  to  red  colour  according  to  their  fresher 
or  more  decomposed  condition.  Among  the  finely  divided  material 
of  these  bands  may  be  recognized  little  rounded  or  irregular  bits  of 
brown  glassy  matter,  and  broken  crystals  of  clear  felspar,  green 
augite,  and  occasionally  pale  enstatite.  The  extinction-angles 
measured  on  cleavage-flakes  of  the  felspar  show  that  more  than  one 
member  of  the  soda-lime  series  is  represented.  The  same  materials 
are  recognized  in  various  red-brown  earthy  rocks  from  the  higher 
ground  of  the  island,  apparently  formed  by  atmospheric  weathering, 
and  in  the  fine  sand  from  the  beds  of  the  rain-channels  in  the 
neighbourhood.  The  fragments  in  these  fine  ash-beds  are  fairly 
uniform  in  size,  though  occasionally  a  few  small  lapilll  occur. 
These  deposits  are  mostly  free  from  carbonate  of  lime,  but  there 
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are  some  which  are  highly  oalcareons.  Specimens  from  the  northern 
part  of  Eua  have  a  white  chalky  aspect,  and  effervesce  freely  with 
acid,  hut  they  contain  ahundant  felspcur  miorolites  and  broken 
felspar  crystals,  some  giving  nearly  straight  extinction  (oligoclase- 
andesine  ?),  besides  occasional  enstatite,  etc. 

A  coarser  type  of  rock,  well  represented  in  the  collection,  may 
be  termed  a  volcanic  sandstone.  It  resembles  an  ordinary  sandstone 
of  moderately  coarse  grain,  though  isolated  fragments  occur  up  to 
about  an  eighth  of  an  inch  in  diameter.  On  the  generally  yellowish 
brown  surface  are  seen  little  scattered  broken  crystals  of  black 
augite  and  the  lustrous  cleavage-planes  of  felspar  fr^ments.  Some 
of  the  felspar  flakes  give  nearly  straight  extinction;  others  are 
evidently  more  basic.  As  before,  the  bulk  of  the  fragments  com- 
posing the  rock  are  of  brown-stained  glassy  lava.  Good  examples 
come  from  the  mouth  of  Ana-ahu. 

At  the  last-named  locality  there  is  an  alternation  of  harder  and 
softer  beds.  The  softer  are  of  the  character  just  described;  the 
harder  differ  from  them  in  possessing  a  cement  of  caloite,  which 
forms  a  large  part  of  the  rock.  These  calcareous  beds,  which  occur 
also  in  other  parts  of  the  volcanic  series  of  Eua,  present  under  the 
microscope  some  points  of  interest.  One  of  these  features,  the 
occasional  presence  of  minute  chips  of  characteristic  metamorphio 
minerals,  has  already  been  alluded  to.  Slices  [1268,  1273]  show 
that  the  fragments,  some  of  which  appear  rolled,  are  of  brown- 
stained  andesite,  enclosing  many  felspar  miorolites  and  occasionally 
a  porphyritio  crystal.  The  larger  pieces  have  the  spongy  character 
of  pumice.  Besides  the  andesitio  fragments,  are  seen  little  chips 
of  minerals  such  as  might  be  derived  from  the  same  source ;  clear 
plagioclase,  pseudomorphs  of  calcite  after  felspar,  and  brightly 
polarising  pyroxene ;  also  rarely  a  grain  or  two  of  quartz,  seemingly 
clastic.  The  matrix  of  crystalline  calcite  encloses  numerous  fora- 
miniferal  tests  which  seem  to  belong  for  the  most  part  to  Globigerina. 
More  rarely  occurs  a  small  chip  of  shell  or  a  fragment  recalling 
the  characteristic  structure  of  an  echinoderm  plate.  The  calcareous 
matrix  further  exhibits  in  parts  a  beautiful  oolitic  structure,  giving 
the  black  cross  well  defined  in  polarised  light.  The  structure  is  of 
the  spherulitic  type,  with  radial  but  not  concentric  arrangement, 
and  is  quite  different  from  the  rolled  oolitic  grains  well  known  in 
our  Carboniferous  and  Jurassic  limestones.  It  is  produced  in  situ 
by  molecular  action,  as  is  sufficiently  proved  by  the  fact  that  one 
of  these  spherulitic  growths  occupies  each  chamber  of  the  forami- 
niferal  tests. 

It  seems  clear  that  the  whole  of  these  volcanic  rocks  of  Eua  are 
of  submarine  origin.  This  appears  from  their  uniform  and  horizontal 
stratification,  the  indications  of  the  "  sorting "  action  of  water,  and 
the  occurrence  at  various  horizons  of  highly  calcareous  rocks,  some 
containing  marine  organisms.  Probably  some  parts  of  the  deposits 
come  from  the  destruction  of  volcanic  accumulations  thrown  up  above 
sea-level,  such  as  Falcon  Island  at  the  present  day,  which  is  being 
rapidly  destroyed  by  the  waves. 
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The  volcanio  rocks  of  Eua  are  overlain,  with  evident  unconformity, 
by  massive  white  limestones,  and  the  earlier  group  must  have  suffered 
considerable  denudation  before  the  newer  was  deposited.  This 
appears  from  the  fact  that  while  the  horizontally  bedded  volcanics 
crop  out  in  the  interior  at  a  height  of  more  than  a  thousand  feet, 
the  limestones  come  down  to  sea-level  on  the  coast  within  a  distance 
of  half  a  mile.  Further,  the  dykes  which  cut  through  the  volcanic 
deposits  terminate  without  entering  the  overlying  calcareous 
strata. 

The  limestoneB  occur  in  three  terraces,  and  Mr.  Lister  was  led  to 
regard  them  as  elevated  reefs.  He  observed  reef-corals  on  the 
edge  of  the  lower  terrace  and  on  the  top  of  the  highest  one.  An 
examination  of  a  few  thin  sections  of  the  rocks  showed  indeed  a 
comparative  want  of  coral  fragments,  the  rocks  sliced,  with  their 
abundant  foraminifera,  some  of  large  size,  recalling  strongly  the 
Orbitoidal  Limestones  of  Sumatra  and  Borneo  as  described  by 
Messrs.  H.  B.  Brady'  and  A.  Y.  Jennings'  respectively.  When 
good  coral  remains  occur,  they  are  associated  with  similar  forami- 
nifera,  etc.  [1829].  The  specimens  have,  however,  been  submitted 
to  Dr.  John  Murray,  whose  large  experience  of  calcareous  deposits 
is  well  known,  and,  pending  the  results  of  his  examination,  it  will 
be  sufficient  here  to  notice  the  more  obvious  petrological  characters 
of  the  rocks. 

Some  examples,  e.g.  from  Maui's  Oven,  are  rough-textured 
yellowish  limestones,  in  which  abundant  foraminifera  can  be  seen 
on  a  hand-specimen.  In  general,  however,  the  deposition  of 
secondary  calcite  has  converted  the  mass  into  a  white  or  cream- 
coloured  limestone  of  very  compact  appearance,  not  unlike  some 
travertines,  but  containing  sometimes  little  irregular  vacuities  which 
the  calcite  cement  has  not  filled. 

The  specimens  sliced,  whether  from  the  lower,  the  middle,  or 
the  upper  terrace,  show  abundant  foraminiferal  tests  and  other 
organic  remains  which  will  not  be  more  closely  described  in  this 
place.  Small  oolitic  growths  are  common  in  the  secondary  calcite 
cement,  but  they  are  invariably  of  the  spherulitic  type.  Concentric- 
coated  oolitic  grains  are  conspicuously  absent,  nor  is  there  any  trace 
of  clastic  material  such  as  quartz-  or  shell-sand,  volcanic  detritus, 
etc.  The  only  large  fossil  observed  is  a  cast  of  a  Cerithium,  not 
perfect  enough  for  specific  determination. 

I  pass  on  to  the  specimens  from  other  islands  composed  partly 
or  wholly  of  volcanic  accumulations.  The  purely  coral  islands, 
Tongatabu,  Yavau,  Nomuka,  etc.,  will  not  be  noticed. 

Mango  (Comango  on  the  Chart)  appears  to  be  built  entirely  of 
volcanio  ejectamenta.  Mr.  Lister  found  no  lavas  except  as  frag- 
ments in  the  tuffs.  These,  in  the  specimens  examined,  range  up  to 
about  six  inches  in  length,  and  have  a  dull  brown  decomposed 
aspect,  with  in  many  cases  small  vesicles  filled  with  calcite.  A  slice 
of    one    [1267]    shows  a  microlitic  andesite   with  marked   flow- 

1  Gbol.  Mao.  (2),  Vol.  II.  p.  632,  1875. 
»  Gbol.  Mao.  (3),  Vol.  V.  p.  629, 1888. 
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strnctare  and  mnoli  ferruginous  deoomposition-produot    The  rook 
18  not  porphyritic. 

The  fragmental  aoeumulations  from  this  island  vary  muoh  in 
character.  Specimens  from  the  eastern  hill  are  white  chalky-looking 
rocks,  in  which  nothing  is  to  he  seen  beyond  a  rare  crystal  of  augite. 
They  are  very  calcareous,  and  the  residue  after  treatment  with  acid 
is  merely  a  mass  of  very  fine  scoriaceous  and  dusty  material  with 
fragments  of  crystals  of  felspar,  hypersthene  (?),  apatite,  etc.  From 
other  parts  of  the  island  come  fine  grey  ashes  with  white  spots  of 
decomposing  felspar.  These  are  non-calcareous,  and  consist  of 
minute  fragments  of  brown-stained  glass  and  various  volcanic 
minerals  mingled  with  fine  dust  Other  rocks  unmixed  with  cal- 
careous matter  are,  rather,  volcanic  sandstones,  enclosing  numerous 
fragments,  usually  rounded,  of  yellow  or  brown  lava,  etc.  Specimens 
of  coarser  texture — volcanic  conglomerates — come  from  the  western 
or  Observation  HilL  These  have  a  partly  calcareous  matrix  and 
include  fragments  of  lava  usually  an  inch  or  more  in  diameter  and 
of  Bubangular  form.  In  these  coarse  accumulations  occur  blocks  of 
coral,  specimens  of  which  are  as  much  as  six  inches  across,  and  have 
portions  of  the  conglomeratic  rock  adhering  firmly  to  them. 

Nomuka-iki  is  a  small  island  lying  to  the  south-west  of  Nomuka. 
It  is  described  as  consisting  in  its  northern  part  of  a  flat  of  coral 
sand,  while  the  southern  and  higher  portion  is  of  stratified  volcanic 
ashes,  alternately  fine  and  coarse,  which  are  well  exposed  in  a  cliff 
on  the  west,  and  contain  marine  fossils.  The  specimens  from  here 
are  mostly  yellow-brown  or  greyish  ashes  of  fine  texture,  only 
occasionally  showing  fragments  up  to  an  eighth  of  an  inch  long,  some 
of  which  are  of  decomposing  andesite.  Little  glistening  felspars 
are  visible  with  a  lens,  besides  countless  little  black  dots  which 
seem  to  be  partly  altered  pyroxene.  Some  specimens  from  the 
upper  layers  are  rather  coarser,  and  show  more  conspicuous  frag- 
ments. In  these,  well-formed  prisms  of  lustrous  black  augite  may 
be  recognized  as  well  as  the  felspars.  The  microscope  shows  that 
these  latter  are,  as  usual,  of  a  triclinic  species;  that  a  green, 
pleochroic  rhombic  pyroxene  occurs,  in  addition  to  the  green 
augite;  and  that  yellowish  volcanic  glass  and  fine  dust  are  also 
represented.  None  of  the  Nomuka-iki  specimens  are  calcareous 
enough  to  effervesce  with  acid.  The  only  fossil  in  the  collection  is 
a  well-preserved  Pyrtda.  It  rather  resembles  the  Eocene  P.  nexilis, 
but  has  more  delicate  markings,  and  is  perhaps  to  be  matched 
among  later  forms. 

Tonumeia,  a  small  island  situated  to  the  south  of  Nomuka  and 
Mango,  consists,  according  to  Captain  Oldham's  observations,  of 
stratified  volcanic  tuffs,  which  are  exhibited  in  a  cliff  80  feet  high 
on  the  west  coast,  showing  a  dip  of  8^  to  the  south.  A  specimen 
(I.)  of  the  finer  tuff  is  a  rather  fine  volcanic  ash  compacted  by  a 
calcareous  and  ferruginous  cement  into  a  dirty  yellow-brown  rock. 
In  the  residue  insoluble  in  dilute  acid  are  recognized  chips  of  a 
monoclinic  and  a  fibrous  rhombic  pyroxene  with  a  basic  felspar, 
besides  the  usual  brown-stained  glassy  and  scoriaceous  fragments. 
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Other  speoimenB  from  this  islaod  are  pehhles  found  on  ihe  beach. 
One  (II.)  is  a  coarsely  amygdaloidal  lava,  perhaps  not  a  native  rock. 
Two  others  are  black  nodules  of  irregular  but  rounded  form,  the 
larger  being  two  inches  in  diameter  (III.)-  They  have  externally 
a  graphitic  lustre,  while  the  interior  is  duller  and  shows  a  certain 
eccentric  radial  structure.  Bough  chemical  tests  indicate  some  oxide 
of  manganese,  and  the  general  characters  are  those  of  psilomelane ; 
but  the  interior  is  softer,  and  the  specific  gravity  of  one  nodule  was 
found  to  be  only  3*54.  This  perhaps  indicates  a  partial  conTersion 
into  wad  or  some  other  hydrated  substance,  lliese  nodules  are 
evidently  native  to  the  island,  and  portions  of  the  calcareous  matrix 
in  which  they  have  been  imbedded  are  still  adherent  on  their  surfaces. 
.  Captain  Oldham  also  collected  specimens  from  the  small  island 
Tcnua  (not  named  on  the  Chart)  situated  north-east  of  Mango.  Of 
these,  an  ''  altered  coral  sand  "  (lY.)  from  the  summit  of  the  island 
seems  to  be  free  from  foreign  admixture ;  the  rest,  from  a  cIi£F  20 
feet  high  on  the  north  side,  are  volcanic  ashes  usually  with  but  little 
calcareous  matter,  despite  the  fact  that  organic  remains  are  visible 
in  several  specimens.  These  stratified  volcanic  rocks,  with  an 
easterly  dip,  build  the  mass  of  the  island.  Most  of  the  specimens 
are  soft  yellow-white  rocks  with  a  lumpy  appearance,  although  the 
enclosed  fragments,  up  to  about  an  inch  in  diameter,  do  not  differ 
essentially  from  the  matrix  in  which  they  are  imbedded  (Y.  and  Ya.). 
Minute  glistening  crystals  of  felspar  and  augite  are  visible  here 
and  there  in  the  dull  mass,  and  the  microscope  shows  only  these 
minerals  with  an  occasional  broken  needle  of  apatite,  and  mnch  fine 
dusty  matter.  In  other  examples  from  the  same  cliff  the  fragments 
are  more  distinct,  and  many  of  the  smaller  ones  are  rolled  bits  of 
dark  lava  (VI.  and  YU.)«  These  rocks  contain  numerous  organic 
remains,  among  which  the  most  conspicuous  seem  to  be  the  conical 
tests  of  Pteropods:  a  rather  indistinct  cast  of  a  Gasteropod  also 
occurs — possibly  a  Murex  from  the  form  of  its  canal,  although  the 
varices  are  not  very  strongly  marked.  One  specimen  is  traversed 
by  a  half-inch  seam  of  fine,  non-calcareous  character,  with  a  dark 
grey  colour,  clearly  indicating  the  stratified  nature  of  the  deposits. 
The  microscope  shows  the  usual  triclinic  felspars  and  green  pyroxene, 
the  felspar  crystals  and  fragments  being  especially  abundant,  together 
with  fine  volcanic  dust  and  glass  fragments.  There  are  also  very 
slender  needles  of  a  highly  refracting  yellow-brown  mineral,  which 
has  much  of  the  appearance  of  rutile — a  mineral  scarcely  to  be 
expected  in  such  a  connexion. 

Falcon  Island  came  into  existence  owing  to  a  volcanic  emption 
which  occurred  in  the  year  1885.*  The  main  mass  of  the  island 
consists  of  a  fine  grey  ash,  mostly  quite  incoherent,  but  containing 
crumbling  lumps.  The  microscope  shows  this  to  be  a  volcanic  dust 
similar  to  that  so  widely  dispersed  during  the  emption  of  Erakatau. 
It  is  composed  largely  of  comminuted  crystals,  among  which  are 
recognized  felspars,  some  with  twin-lamellation,  green  augite,  and 

^  A  Visit  to  the  newly  emerged  Falcon  Island,  Tonga  Gfronp,  S.  Padfio,  by 
J.  J.  Lister,  Proceedings  of  the  Boyal  Geographical  Society,  March,  1890. 
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Bkmains  op  Hylonomus  Ltelli,  Dawson,  1859. 

Coal- Measures,  South  Joooins  ;  Nova  Scotia. 

(1)  Cranial  bones  and  mandibles;    (la)  Sternal  and  shoulder  bones; 

(2)  Mandible ;  (3)  Humerus,  ribs  and  vertebrae  ;  (4)  Hind  limb ; 

(6)  Pelvis ;  (6)  Caudal  vertebrae. 
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a  rather  fibrouB  rhombic  pyroxene.  Some  of  the  felspars  are 
andesine,  but  they  are  not  all  of  one  variety.  With  these  minerals 
uocur  many  fragments  of  yellowish  glass,  often  with  very  irregular 
shape  and  oonoave  boundaries,  such  as  would  arise  from  the  breaking 
up  of  pumice. 

The  coarser  accumulations  would  rather  be  termed  agglomerates. 
They  have  a  rough  and  often  porous  texture,  and  are  largely  com- 
posed of  bomb-like  ejectamenta,  a  quarter  or  half  an  inch  in  diameter, 
besides  pieces  of  vesicular  and  pumiceous  lava.  The  interspaces  are 
often  partly  vacant,  with  a  dusty  lining.  These  agglomeratic  rocks 
are^ey  or  yellowish,  but  become  red  or  brown  by  weathering. 

Mr.  Lister's  collection  from  Falcon  Island  includes  a  number  of 
specimens  from  the  ejected  blocks  of  lava  scattered  over  the  island. 
These  are  more  or  less  vesicular  rocks,  showing  numerous  little 
glassy  felspars,  one-tenth  to  one-fifth  of  an  inch  long,  imbedded  in 
a  dark  grey  ground.  Some,  perhaps  rather  weathered,  show  a 
lighter  grey ;  while  others,  more  glassy,  are  black  with  a  silky 
lustre.  The  vesicles  usually  vary  from  mere  pores  to  cavities  an 
inch  or  more  in  length ;  but  in  some  examples  they  are  drawn  out 
into  narrow  pipes  more  than  six  inches  long.  The  more  scoriaceous 
and  cellular  varieties  are  free  from  porphyritic  crystals,  and  the 
perfectly  glassy  pumice  is  pure  white. 

These  lavas  appear  to  be  basic  augite-andesites,  neither  olivine 
nor  rhombic  pyroxene  being  detected.  One  of  the  sliced  specimens 
gave  a  specific  gravity  2-436,  but  this  is  evidently  too  low,  and 
iudeed  the  specimen  contains  numerous  microscopic  vacuities ;  a 
more  compact  example  gave  2*708,  which  seems  to  indicate  a 
decidedly  basic  composition. 

Id  the  slices  [1264:-1266]  the  porphyritic  felspars  seem,  from 
their  extinction -angles,  to  be  bytownite.  They  have  Carlsbad  and 
albite-t winning,  and  some  of  the  larger  ones  show  pericline-lamellse 
in  addition.  The  crystals  are  well  bounded,  but  often  grouped  in 
clasters  so  as  to  interfere  with  their  perfect  development.  The 
crystals  are  clear,  but  contain  glass-cavities,  usually  with  zonal 
disposition,  and  some  entangled  portions  of  the  ground-mass.  The 
augite,  pale  yellow  in  section,  is  not  very  abundant.  Some  of  the 
larger  crystals  are  s6  associated  with  the  porphyritic  felspars  as  to 
prove  that  they  belong  to  an  early  phase  of  consolidation,  but  the 
bulk  of  the  mineral  occurs  in  ill-shaped  idiomorphic  crystals 
scattered  through  the  ground.  The  ground-mass  consists  of  numerous 
lath-shaped  microlites  of  felspar  imbedded  with  a  more  or  less 
fluxional  arrangement  in  an  isotropic  glass.  The  proportion  of 
glassy  base  varies  considerably,  as  might  be  inferred  from  the 
appearance  in  hand -specimens.  A  very  characteristic  feature  is 
the  occurrence  in  the  mass  of  well-defined  irregular,  or  usually 
round,  patches  of  lighter  colour  and  containing  less  isotropic  base 
than  the  surrounding  mass.  These  seem  to  be  portions  of  lava 
which  while  partly  consolidated  became  involved  in  a  more  fluid 
magma  [1264]. 

With  the  exception  of  the  Falcon  Island  rocks,  all  those  examined 
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from  tbe  Tonga  Islands  appear  to  be  of  sabmarine  formation.  The 
absence  or  presence  in  different  strata  of  any  sensible  proportion  of 
calcareous  matter  and  organic  remains  is  perhaps  related  to  the 
more  or  less  rapid  rate  of  accumulation  at  different  epochs  of 
eruption.  The  volcanic  material  ejected  seems  to  have  been  almost 
exclusively  of  fragmental  character,  and  in  some  cases  there  are 
indications  of  violent  explosive  action.  This  is  quite  in  accord  with 
the  andesitio  nature  of  the  materials  thrown  out,  which  are  of  types 
common  in  the  Pacific  region.  As  to  the  age  of  the  rocks  it  would 
be  idle  to  speak  until  the  evidence  of  their  organic  contents  has 
been  duly  set  forth,  but  it  would  undoubtedly  be  very  rash  to  refer 
them  all  to  a  Recent  age,  and  some  of  them  may  be  found  to  go 
back  far  into  Tertiary  times. 


IV. — Note  on  Etlonomus  Ltelli,  with  Photographic  Reproduo- 
TioH  OF  Skeleton. 

By  Sir  J.William  Dawsow,  F.R.S,,  ete. 

(PLATE  VIII.) 

AS  a  sequel  to  my  recent  paper  on  new  specimens  of  Den- 
drerpeUm,  I  have  thought  it  desirable  to  repi*oduoe  by 
photogravure,  for  comparison,  the  type  specimen  of  Eyhnomus 
LyelU  now  in  the  collection  of  the  Geological  Society  of  London. 
The  reproduction  (Plate  VIII.)  is  of  the  natural  size,  though  lens 
distinct  than  in  the  original.  Though  the  bones  are  scattered,  this 
specimen  enabled  me,  by  measuring  the  separate  bones  and  adding 
the  cuticular  scales  found  on  other  specimens,  to  restore  the  animal 
in  my  '' Airbreathers  of  the  Coal  Period."  * 

The  specimen  represented  is  one  of  the  largest  found.  Most  of 
the  others  represent  smaller  (probably  in  some  cases  half-grown) 
specimens,  though  not  showing  any  structural  differences.  It  will 
be  noticed  that  the  caudal  vertebrse  are  seen  in  this  example,  a  fact 
which  1  had  forgotten  when  the  former  paper  was  written.  In  the 
species  of  Hylerpeton  and  Fritschia,  though  the  teeth  are  different, 
the  development  of  the  limb-bones  seems  to  have  been  similar.  In 
Smilerpeton  occidentatum  the  limbs  would  seem  to  have  been  shorter 
than  in  the  case  of  other  forms  in  the  erect  trees,  and  the  skull  long 
and  narrow. 

The  specimen  here  delineated,  though  the  bones  are  scattered,  has 
the  advantage  of  lying  on  a  flat  plane  of  lamination.  Some  of  the 
thinner  bones  have,  however,  scaled  off,  or  have  been  removed  by 
aqueous  infiltration.  The  cavities  left  by  these  have  been  touched 
with  white  so  as  to  bring  them  out.  The  difficulty  in  restoring 
most  of  the  specimens  in  the  erect  trees  arises  not  from  the  absence 
of  tbe  bones,  but  from  these  being  scattered  through  non-laminated 
material,  sometimes  soft  and  crumbling,  in  other  cases  hard  and 
arenaceous.  In  either  case  it  is  a  work  of  time  and  care  to  uncover 
the  bones,  and  many  of  these  cannot  be  reached  without  risking  the 

^  Also  on  a  larger  scale  in  *^  The  Chain  of  Life  in  Geological  Time." 
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destraotion  of  others.  Some  material  of  this  kind  representing 
Fntichia,  Hylerpeton^  eto.,  is  still  only  in  process  of  development, 
iod  may  perhaps  yet  enable  their  skeletons  to  be  reprodnoed  more 
perfectly  than  heretofore. 

RXFIBBKCT  TO  PlATB  YIII. 

(1)  Skull  and  Maxillae :  (la)  Sternal  and  Scapolar  bones ;  (2)  Mandible ; 

(3)  Humenu,  fiibe  and  VertebrsB ;  (4)  Hind  limb;  (5)  FelTis; 

(6)  Caudal  YertebrsB. 

v.— NOTB  ON  THB  ALLEGED  GbNESIS  OP  RUTILE  IH  FiBVOLATS. 

By  Major-General  G.  A.  MacMahon,  F.G.S. 
ip.  W.  M.  HUTCHINGS'  ''Notes  on  the  Fireclays  of  the  Coal- 
ifX    measures,"  published  in  the  April  Number  of  the  Geol.  Mao., 
contains  many  interesting  foots  and  su^estions  on  whioh  I  should 
like  to  offer  a  few  remarks. 

The  conclusion  at  which  the  author  appears  to  have  arriyed  (see 
para.  2,  p.  168,  read  with  the  two  bottom  paras,  of  that  page)  is 
that  the  formation  of  the  **  mtiliferous  mica,"  and  its  contained  rutile, 
is  doe  to  dynamo-metamorphism. 

This  is  rather  a  startling  conclusion  and  it  is  one  which  seems 
to  rest  on  slender  evidence.  Even  if  it  could  be  proved  that  the 
rutiliferous  mica  and  the  free  rutile-needles  are  both  of  secondary 
origin,  no  evidence  has  been  adduced  to  show  that  their  genesis 
is  doe  to  dynamic  and  not  to  ordinary  aqueous  agencies.  Evidence 
OD  this  point  is  the  more  desirable  as  one  does  not  usually  associate 
beds  of  unindurated  clay  with  the  display  of  dynamic  energy.  Do 
fossils  of  these  Coed-measures  exhibit  pressure  deformation  ? 

Even  in  cases  where  sedimentary  rocks  have  evidently  suffered 
deformation  from  earth-movements,  it  would  not  be  safe  to  assume, 
without  proof,  that  the  secondary  minerals  found  in  them  owe  their 
birth  to  dynamic  causes. 

With  respect  to  the  Seaton  beds  there  are  two  distinct  issues  to 
be  proved.  Are  the  rutile-needles  and  the  yellow  mica  of  secondary 
or  of  clastic  origin  ?  And  if  secondary,  to  what  process  do  they  owe 
their  birtk? 

Regarding  the  first  issue  I  remark  that  some  of  the  author's  facts 
seem  quite  consistent  with  the  view  that  the  rutiliferous  mica,  and 
the  free  ra tile-nodules,  were  transported  to  the  spot  along  with  the 
other  constituents  of  the  clay.  The  finest  washings  **  A,  B,  C,"  con* 
tain  <<far  away  the  largest  portion  of  the  rutile-needles;"  and 
many  of  the  quartz  and  felspar  grains  carry  "  more  or  less  a  skin 
of  rutiliferous  'paste'  in  spite  of  all  the  washing  and  agitation. 
I  think  it  is,"  Mr.  Hutchings  adds,  ''really  corroded  on  to  the 
substance  of  the  grains  in  many  cases."  These  facts  do  not  give 
mach  support  to  the  theory  that  the  mica  and  its  endogenous  rutile 
"  is  a  new  formation  posterior  to  sedimentation." 

Another  fact  mentioned  by  the  author  seems  to  point  to  the  same 
conclusion  :  he  tells  us  that  the  flakes  of  rutiliferous  mica,  with  few 
exceptions,  are  seen  by  their  extinctions  to  be  ''aggregates  of  more 
or  less  numerous  smaller  flakes  overlapping  one  another,  and  with 
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different  optical  orientation."  If,  as  I  understand,  the  orientation 
is  promiscuous,  this  fact  seems  to  point  to  the  deposition  of  the  flakes 
one  above  the  other  by  waters-ordinary  sedimentation — rather  than 
to  crystallization  in  sitH.  As  the  moleooles  of  crystals  possess 
strong  polarity,  the  molecules  of  mica  would,  at  the  moment  of 
crystallization,  surely  have  followed  the  laws  of  crystallization  and 
have  arranged  themselves  in  definite  order  either  as  simple  or  as 
twinned  crystals.  If,  on  the  other  hand,  these  "  complex  flakes  " 
are  the  mere  promiscuous  agglomerations  of  numerous  separate 
individuals,  and  not  single  crystals,  I  fail  to  see  how  the  fact  of 
this  agglomeration  supports  the  contention  that  the  ''rutiliferous 
mica "  is  a  secondary  mineral  formed  after  the  deposit  of  the  clay. 
Finely  divided  fragments  of  mica  suspended  in  water  would  be  very 
likely  to  come  together  as  mechanically  mixed  agglomerates  even 
before  they  sank  to  the  bottom.  This  process,  I  suspect,  is  probably 
responsible  for  Mr.  Hutchings'  "globular  aggregates  in  which  the 
mica  lies  in  all  azimuths.'*  The  attraction  which  minute  particles 
suspended  in  water  exercise  on  each  other  may  be  observed  in  a 
chemist's  test-tube  every  day. 

The  author  in  his  examination  of  the  mud  prepared  in  the  Labor- 
atory from  the  fireclay  observed  an  upward  and  a  downward  limit 
in  the  size  of  the  flakes  of  rutilifei'ous  mica,  and  he  attaches  con- 
siderable importance  to  the  fact.  "Looking  at  the  facts  stated," 
he  writes  at  p.  167,  "the  one  that  appears  to  have  most  bearing 
on  the  main  point  concerned  is  the  pretty  strict  upward  limit  of 
size  of  the  rutiliferous  flakes."  Mr.  Hutchings'  contention  is  that 
the  genesis  of  the  rutiliferous  mica,  and  the  rutile  contained  in  it, 
is  due  to  dynamo-metamorphism  "  posterior  to  sedimentation " 
(p.  168),  and  as  the  fact  stated  above  seems  to  be  "the  main  point 
concerned,"  it  is  worth  while  to  consider  it  in  some  detail. 

In  the  first  place  I  would  ask  whether  we  can  be  quite  sure  that 
the  fact  relied  on  is  not  in  some  way  due  to  the  process  of 
"  fractional  levigation  "  employed.  Mr.  Hutchings'  process  involved 
the  crushing  of  dried  clay  to  powder  and  subsequent  crushing  in  a 
mortar  with  water,  followed  by  repeated  washings.  After  such 
dynamic  treatment,  I  doubt  the  value  of  any  theory,  as  to  the  origin 
of  the  rutile,  based  on  the  size  of  the  mica  flakes  that  were  finally 
found  to  contain  rutile  compared  with  the  size  of  the  flakes  in  which 
this  mineral  was  absent.  Free  rutile  flakes  appear  to  be  more 
abundant  (p.  165,  para.  2)  than  those  included  in  mica ;  and  the 
author  tells  us,  at  p.  166,  that  "the  rutile  lies  mainly  in  between 
the  minute  component  flakelets,  and  is  set  free  when  these  are 
detached."  And  as  Mr.  Hutchings'  contention  is  that  the  rutili- 
ferous mica  is  a  secondary  product  formed  subsequent  to  the 
deposition  of  the  clay,  it  follows  logically  that  the  free  ru tile-needles 
were  detached  from  the  mica  in  Mr.  Hutchings'  laboratory  under 
the  gentle  persuasion  of  his  pestle  and  mortar. 

Considering  the  rough  treatment  the  mica  received  in  the 
laboratory  or  during  its  previous  transport  by  river,  and  considering 
the  fact  that  the  bulk  of  the  rutile-needles  (p.  165)  were  free  and 
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detached  from  mica  flakes,  it  does  not  seem  remarkable  to  me  that 
the  larger  flakes  should  have  been  landed  on  the  stage  of  the 
aathor's  microscope  minus  their  rutile  -  needles.  The  flakes  of 
rutiliferous  mica  appear  to  have  been  below  TsV^th  of  an  inch 
in  diameter,  and  owing  to  their  extreme  microscopic  size  may  have 
been  protected  from  abrasion  by  their  superior  powers  of  flotation. 

If  mica,  as  Mr.  Hutchings  seems  to  think,  was  the  mother  of 
the  rutile,  we  can  hardly  suppose  that  all  the  mica  transported  to 
the  Seaton  beds  was  sufficiently  rich  in  titanic  acid  to  furnish  the 
titanium  dioxide  for  the  rutile.  The  titaniferous  mica  was  probably 
only  one  of  several  species  of  mica  transported  to  Seaton ;  and  if  so, 
each  species  may  have  been  characterized  by  a  size  of  flake  peculiar 
to  itself.  But  apart  from  the  question  of  habit,  differences  in  the 
size  of  the  flakes  may  have  resulted  from  another  cause.  Mr. 
Hutchings  found  three  species  in  his  fireclay ;  muscovite,  biotite, 
and  a  yellow  to  green  species  containing  rutile-needles.  No  evidence 
has  been  adduced  to  show  that  all  three  species  came  from  the  same 
parent  rock.  They  may,  therefore,  have  come  from  different  areas, 
and  the  differences  observed  in  the  size  of  the  flakes  may  be  the 
measure  of  the  distances  travelled  by  the  different  species. 

The  circumstance  that  rutile-needles  were  not  found  in  the 
muscovite  or  in  the  biotite  may  be  owing  to  the  fact  that  these 
micas  do  not  contain  sufficient  titanium  dioxide ;  and  I  fail  to  see 
what  bearing  the  absence  of  rutile  from  the  muscovite  and  biotite 
has  on  the  points  at  issue,  viz.  whether  the  rutile  and  the  yellow 
mica  are  of  clastic  or  secondary  origin,  and  if  secondary,  whether 
their  genesis  is  due  to  ordinary  aqueous  or  to  dynamic  agencies. 

If,  for  sake  of  argument,  we  admit  that  the  rutile  is  of  secondary 
origin,  can  we  be  sure  that  any  of  the  species  of  mica  found  in  the 
fireclay  was  the  mother  of  the  rutile?  Without  disputing  Both's 
conclusion  that  the  ''separation  of  the  titanic  acid  of  weathered 
micas  as  rutile  is  often  enough  observed,"  it  seems  desirable  to  call 
attention  to  the  fact  stated  by  Mr.  Hutchings  that  ''micaceous 
ilmenite"  is  "rather  abundant"  in  his  fireclay.  May  not  this 
mineral  have  supplied  the  titanic  acid  for  the  rutile  ?  The  fact  that 
some  of  the  needles  of  rutile  are  found  between  the  mica  "  flakelets" 
does  not  negative  this  suggestion,  because  capillary  action  is  a  potent 
factor  in  such  cases.  There  is  no  evidence  in  Mr.  Hutchings'  paper 
to  show  that  any  of  the  mica  of  the  fireclay  contains  titanic  acid, 
whereas  we  know  that  ilmenite  contains  a  large  amount — sometimes 
as  much  as  59  per  cent. — of  titanium  dioxide. 

Lastly,  I  would  suggest  that  if  the  yellow  species  of  mica  and  the 
mtile  are  really  secondary  minerals,  they  are  products  of  ordinary 
aqueous  action.  I  think  it  will  probably  be  admitted  that  the  fire- 
clay of  the  Coal-measures  was  laid  down  in  water.  If  so,  the  soft 
mud  of  which  it  was  originally  composed  must  have  contained  much 
interstitial  water.  What  has  become  of  this  water  ?  May  we  not 
assume  that  much  of  it  was  used  up  in  chemical  action  on  the  finely 
triturated  minerals  of  which  the  solid  portion  of  the  mud  was 
composed  ?     The  water,  unless  it  differed  from  all  other  river  and 
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B6a- water  of'  whioh  we  have  knowledge,  muet  have  contained 
free  oxygen,  carbonic  acid,  and  other  potent  chemical  reagents. 
Are  we  to  belieTO  that  these  active  reagents  sat  still  and  did  nothing 
for  thousands  upon  thousands  of  years  until  at  the  end  of  sdons 
dynamic  metamorphism,  like  a  muscular  pedagogue  with  a  long 
birch,  came  to  warm  them  into  action  ? 


VI. — Post-Pliookne  Comtikemtal  Subsidenck  (in  Amkrioa)  versus 
'  Glacial  Dams. 

By  J.  W.  SpBNGsa,  M.A.,  Ph.D.,  F.G.S.  L.  and  A. 

THE  growing  interest  in  the  evolution  of  the  Continent  now  calls 
for  more  accurate  information  than  formerly  regarding  the 
changes  of  level  of  land  and  sea  in  recent  geological  times,  llie 
amount  of  these  oscillations  was  one  of  the  most  important  factors 
in  the  investigation  of  the  "  Building  of  the  Great  Lakes."  Henoe 
the  study  of  the  history  of  the  lakes  has  contributed  to  our  know- 
ledge of  the  changing  relations  of  the  continent  and  the  sea. 

From  a  study  of  the  submerged  channels  along  the  American 
coast,  it  has  been  shown  that  the  continent  was  greatly  elevated 
during  some  epoch  or  epochs  intervening  between  the  middle  Mio- 
cene and  the  early  Pleistocene  periods.^  The  elevation  of  the  land 
was  over  three  thousand  feet  higher  than  now,  and  probably  reached 
for  a  short  tivtae  to  over  five  thousand  feet. 

The  elevated  condition  of  the  continent  was  followed  by  a  depres- 
sion of  the  land  to  far  below  the  present  altitude,  before  the  upward 
movement  restored  the  now  existing  conditions.  There  may  have 
been  more  than  one  episode  of  elevation  and  depression;  but  the 
problem  that  we  seek  to  answer  is :  What  was  the  maximum  de- 
pression of  the  later  Pleistocene  times,  after  the  great  beds  of 
boulder  clay  were  formed?  for  the  great  elevation  was  shortly 
before  that  epoch. 

Most  geologists  are  ready  to  accept  the  high  continental  elevation, 
but  there  are  differences  of  opinion  respecting  the  amount  of  the 
subsidence.  Although  many  have  their  own  views  upon  this 
subject,  few  serious  attempts  have  been  made  to  solve  the  problem 
unbiassed  by  theory. 

We  must  seek  for  the  evidence  of  the  late  regional  elevation  in 
the  remains  of  old  shore-lines,  such  as  beaches,  terraces  and  sea- 
cliffs,  which  are  more  or  less  disturbed  and  obliterated.  Isolated 
remnants  of  beaches  are  not  accepted  by  all  as  proof  of  a  recent 
elevation,  although  found  at  high  altitudes,  but  the  beaches  often 
contain  the  direct  proof  of  their  own  elevation. 

No  better  example  is  found  than  the  Iroquois  Beach  of  the 
Ontario  Basin.  This  elevated  shore-line  is  one  of  the  youngest  and 
best  preserved  in  the  Great  Lake  region.  It  rests  upon  the  youngest 
**  till "  deposits.  Since  its  formation  it  has  been  warped  towards  the 
north-east,  and  thus  at  Fine,  north  of  the  Adirondack  Mountains,  it 

'  **High  Continental  EleTation  preceding  the  Pleistocene  Period  (in  America),*' 
by  J.  W.  Bpenoer,  Gbol.  Mao.  Decade  111.  Vol.  VII.  1890,  p.  208. 
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lias  been  lifted  over  600  feet  above  its  own  elevation  at  the  head  of 
Lake  Ontario.^  By  another  series  of  deformed  shore-lines,^  it  has  been 
found  that  the  Iroquois  Beaoh  at  the  head  of  the  lake  has  been  lifted 
its  own  height  above  the  sea.  Hence  there  is  measured  proof  that 
the  northern  side  of  the  Adirondaoks  has  been  recently  elevated  a 
thousand  feet,  or  that  it  was  recently  a  thousand  feet  lower  than 
now.  The  initial  point  of  this  movement  was  near  the  head  of 
Lake  Michigan.  Its  maximum  deformation  occurs  in  the  Adiron- 
daoks, and  amounts  to  six  feet  per  mile.  Whether  this  rise  con- 
tin  oes  to  the  Atlantic,  or  is  transformed  into  a  depression,  or  is 
faulted  east  of  the  mountains,  remains  a  question  to  be  determined. 
Only  fragments  need  be  looked  for  east  of  the  region  already  ex- 
plored, for  the  deserted  shore  has  been  traced  into  a  region  of 
broken  mountains  and  wilderness. 

Three  hundred  feet  above  the  Iroquois  plain  the  Algonquin  Beach 
of  the  Huron  basins  is  located.'  In  it  there  is  a  similar  deformation 
to  that  recorded  in  the  Iroquois  shore,  but  the  initial  point  of  the 
warping  is  beyond  the  head  of  Lake  Michigan.  With  the  deforma- 
tion continuing  to  the  north-east,  it  would  appear  that  the  Lauren tian 
Mountains  north  of  the  Great  Lakes  were  very  much  depressed 
during  the  Algonquin  episode.  The  evidence  of  the  formation  of 
the  Algonquin  Beach  at  sea-level  has  already  been  collected.* 

Whilst  there  is  great  deformation  recorded  in  the  higher  beaches, 
the  surveys  of  these  more  broken  geological  records  do  not  enable 
us  to  trace  the  shore-lines  down  to  sea-level,  as  in  the  case  of  the 
Iroquois,  and  to  nearly  as  perfect  an  extent,  the  Algonquin  Beach. 
Consequently,  it  is  necessary  to  rely  more  fully  upon  the  perfection 
of  the  structure  of  the  deserted  shores,  and  upon  their  positions, 
which  would  preclude  their  formation  in  confined  lakes.  Such 
conditions  exist  in  Ontario,  Michigan,  and  Ohio,  where  extensive 
surveys  have  been  made. 

The  lower  of  these  shores,  as  the  Bidgeway  Beach,'  like  those 
before  named,  were  formed  about  bodies  of  water  which  opened 
only  to  the  north  or  east.  But  ascending  a  little  higher,  the 
Maumee  Beach'  occurs  at  altitudes  which  permitted  its  formation 
in  water  having  free  communication  with  the  Ohio  and  Mississippi 
valleys  by  two  depressions.  Above  this  plain  there  are  higher 
gravel  terraoes  and  plains  in  Michigan,  and  elsewhere,  notably 
those  between  Kalamazoo  and  Marshall,  with  an  elevation  of  a 
little  more  than  900  feet  above  the  sea.  From  them  the  country 
falls  away  by  steps  towards  the  lakes ;  but  the  sheet  of  water  which 
they  once  bounded  had  at  least  five  connexions  with  the  drainage 

^  "The  Deformation  of  Iroqaois  Beach  and  Birth  of  Lake  Ontario,"  by  J.  W. 
Spencer,  Amer.  Joum.  Scl  vol.  xl.  1880,  pp.  443-461. 

*  Ibid.  p.  447. 

*  **  Deformation  of  the  Algonouin  Beach  and  Birth  of  Lake  Huron,''  by  J.  W. 
Spencer,  Amer.  Joom.  Sci.  vol.  xli.  1891,  pp.  12-21. 

*  Ibid.  p.  21. 

^  **  High  Level  Shores  in  the  Region  of  the  Great  Lakes  and  their  Deformation," 
by  J.  W.  Spencer,  Amer.  Jonm.  Sci.  vol.  xli.  1801. 

*  Ibid. 
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of  the  Mississippi  system.^  Other  higher  terraces  about  more 
insular  points  are  found  in  the  same  region,  and  farther  north  in 
Michigan  they  are  said  to  occur  at  the  summit  of  the  highest  land 
east  of  Grand  Traverse  Bay  at  1682  feet  above  tide. 

In  Ontario  there  are  well-marked  sea-cliffs  carved  out  of  the 
Niagara  escarpment,  as  westward  of  Collingwood,  especially  at 
elevations  of  from  1200  to  1426  feet  above  the  sea.  At  various 
intervals,  between  the  plain  of  the  Algonquin  Beach  and  the  highest 
land  of  the  peninsula — 1709  feet — there  are  also  terrace  and  beach 
deposits  moulded  out  of  the  drift  These  remnants  of  shores  are  seen 
to  within  20  feet  of  the  highest  point  of  land.  The  shore-markings 
of  these  elevated  lands  are  rendered  more  certain  by  the  perfectly 
water- worn  stones,  and  the  extent  of  the  beach  and  terrace  structure. 
The  sea-cliffs  are  too  deeply  graven  to  represent  evanescent  coast- 
lines. But  all  of  these  records  are  interrupted  owing  to  the  topo- 
graphy of  the  country,  erosion  by  atmospheric  agencies,  and  the 
recent  Pleistocene  deformation  of  the  region. 

Some  of  the  positions  of  the  surveyed  coast-lines  have  been 
mapped ;  for  a  detailed  list  of  localities  reference  should  be  made 
to  *'  High  Level  Shores  in  the  Region  of  the  Great  Lakes,  and  their 
Deformation." 

Again,  at  Dog  Lake,  north  of  Lake  Superior,  Professor  H.  Y. 
Hind  observed  terraces  at  1425  feet  above  the  sea.' 

After  allowing  for  all  the  measurable  Pleistocene  and  recent 
deformation  of  the  region,  these  elevated  shores  stand  out  so  high 
above  every  natural  barrier,  even  far  away  to  the  south  as  well  as 
to  the  north,  that  their  occurrence  demands  explanation  by  other 
than  local  causes. 

The  highlands  of  the  Ontario  peninsula  do  not  form  Kilometers 
reaching  more  than  1700  feet  above  the  sea ;  but  in  Potter  Coimty, 
Western  Pennsylvania,  100  miles  south  of  Lake  Ontario,  they  develope 
a  watershed  reaching  to  2680  feet  above  tide,  with  the  Genesee 
river  flowing  north  to  Lake  Ontario ;  the  Alleghany  to  the  Ohio 
river;  and  Pine  Creek  to  the  Susquehanna.  About  the  highest 
flattened  knob,  of  only  a  few  acres  in  extent,  and  rising  to  within 
twenty  feet  of  its  summit,  there  is  a  ridge  of  small,  well  water- 
worn  gravel,  nearly  free  from  sand.  Mr.  Carvell  Lewis  speaks  of 
it  as  kame-like,'  but  its  structure  and  form  is  not  different  from  that 
which  may  be  true  beach.  This  is  emphasized  by  the  occurrence 
of  a  zone  of  boulders  forming  a  pavement  a  few  feet  below  the 
gravel  ridge— a  feature  so  commonly  developed  in  front  of  the 
deserted  beaches  of  the  Lake  region.  This  gravel  ridge  rests  upon 
the  highest  point  of  land  at  the  very  front  of  the  "terminal 
moraine"  of  Mr.  Lewis,  with  the  land  declining  to  the  north,  as 
well  as  falling  away  to  the  south.  These  gravels  form  a  superior 
deposit  resting  upon  '<  till  **  charged  with  angular  shingle  of  local 

1  Cited  before. 

'  **  Assiniboine  and  Saskatchewan  Expedition,"  1859,  p.  120. 
'  *'A  Tenninal   Moraine,'*    by  H.    C.    Lewis,    Oeol.    SorveT  PennfirlTania, 
Eept.  Z,  p.  143. 
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Carboniferous  sandstones,  and  it  is  oat  of  this  material  that  the 
pebbles  were  formed. 

There  are  similar  superficial  gravels  on  other,  but,  of  course, 
inferior  knobs  along  the  very  foremost  portions  of  the  '*  terminal 
moraine."  But  the  drainage  from  these  ridges  is  to  the  north, 
and  Mr.  Lewis  emphasized  the  fact  that  there  is  no  drift  in  the 
small  streams  flowing  to  the  south.  The  theoretical  importance  of 
this  observation  will  be  noted  later. 

Besides  these  highest  of  all  the  superficial  gravels,  south  of  the 
Great  Lakes,  which  I  have  examined,  I  have  also  visited  the  high 
terraces  of  the  Genesee  River  flowing  northward  from  the  deposits 
just  described.  Here  several  pauses  in  the  receding  waters  are 
recorded.  These  are  notable  from  an  elevation  of  1900  feet  down- 
ward. At  this  named  high  altitude  the  valley  is  nearly  a  mile 
vide,  and  now  250  feet  below  the  terrace.  Our  knowledge  of 
these  elevated  and  disconnected  water  deposits  is  yet  very  scanty, 
but  certainly  very  suggestive,  when  supplementing  the  surveys 
of  the  lower  coast-markings  in  the  lake  region. 

A  very  interesting  terrace  remains  in  a  valley  three  or  four  miles 
to  the  east  of  Horseheads,  New  York.  The  altitude  of  the  terrace  is 
1200  feet  above  tide,  whilst  the  gravel-covered  floor  of  the  valley, 
At  Horseheads,  is  only  900  feet  This  last  valley  is  over  a  mile 
wide,  and  is  that  connecting  the  trough  of  Seneca  Lake  with  the 
Susquehanna  Valley. 

Similar  elevated  terraces  have  been  noted  by  Prof.  I.  C  White 
along  the  higher  Potomac  Valley  facing  the  Atlantic,  and  along  the 
adjacent  tributaries  of  the  Monagahela,  which  drains  to  the  west- 
ward. These  deposits  he  notes  up  to  an  elevation  of  1675  feet 
above  the  sea,  and  175  feet  above  the  valley,  along  a  tributary  creek 
above  St.  George,  W.  Va.^ 

At  Naohvak,  in  Labrador,  Dr.  Robert  Bell  found  beaches  of  great 
distinctness  at  1500  feet  above  the  sea.  Gravel  and  shingle  terraces 
were  also  found  to  an  estimated  height  of  2000  feet.* 

It  has  already  been  noted  that  the  differential  rise  of  the  Iroquois 
Beach,  north  of  the  Adirondack  Mountains,  amounts  to  six  feet  per 
mile,  and  that  it  has  there  been  lifted  to  a  thousand  feet  If  this 
rise  continue  to  the  White  Mountains,  then  the  equivalent  of  the 
Iroquois  Beach  may  be  found  amongst  the  terraces  of  the  high 
valleys  in  that  region.  Its  records  may  be  preserved  still  further 
north-east,  on  the  drift- covered  sides  of  Mount  Eatahdin,  in  Maine. 
Mount  Desert,  on  the  coast  of  Maine,  rises  to  1500  feet,^  and  shows 
remnants  of  coast  action  to  its  summit  (Shaler) ;  consequently,  it  is 
too  low  to  bear  records  of  the  Iroquois  shore,  unless  the  warping  at 
the  earth's  crust  becomes  one  of  depression  east  of  the  Adirondacks. 

In  Ontario,  some  of  the  high  shores,  referred  to  above,  occur  at 

^  *' Rounded  Booldere  at  High  Altitudes,"  by  I.  C.  White,  Amer.  Joum.  Sc. 
Tol.  xxxriii.  1887. 

>  Bept.  Geol.  Surv.  Canada,  1885,  DD,  p.  8,  and  Bull.  Geol.  Soc.  Amer. 
Tol.  i.  p.  308. 

s  *<Geol.  Mount  Desert,"  byN.  S.  Shaler,  Bept.  United  States  Oeol.  Survey, 
1888,  p.  993. 
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elevations  of  a  thouRand  feet  above  the  Iroquois  plain ;  therefore 
their  equivalents  in  the  northern  Adirondacks  should  he  looked  for 
at  about  2000  feet  above  tide.  The  beaches  reported  in  Vermont 
by  Prof.  Hitchcock,^  at  or  below  2300  feet,  doubtless  correspond  to 
some  high  shore-lines  of  the  Ontario  peninsula.  Upon  the  same 
basis,  these  high  beaches  should  be  looked  for  at  8000  feet  in  the 
White  Mountains,  and  at  greater  elevation  on  Mount  Eatahdin,  in 
Maine. 

If  we  regard  the  gravels  of  the  highlands  of  Pennsylvania  aa 
having  been  formed  at  sea-level,  then  it  would  be  reasonable  to  look 
for  their  counterpart  at  elevations  of  over  4000  feet  on  Mount 
Washington,  in  New  Hampshire,  and  to  the  summit  of  the  drift 
(4400  feet)  on  Mount  Katahdin.  These  conjectural  estimates,  based 
upon  a  possible  uniformity,  may  aid  in  the  correlation  of  the 
topographic  features  of  the  mountain  region  of  the  east  and  of  the 
lake  region. 

As  far  as  relates  to  the  north-eastern  portion  of  the  continent, 
our  observations  on  Neptunian  phenomena  have  now  been  epito- 
mized. An  explanation  is  necessary.  That  the  pebbles  of  the 
beaches  and  the  shore-lines  were  the  results  of  wave  or  current 
action  no  one  questions,  but  there  are  differences  of  opinion  as  to 
the  conditions  under  which  the  waters  moulded  their  coast-lines. 
Were  these  deserted  shores  constructed  at  sea-level,  or  were  they 
moulded  in  glacial  lakes?  These  are  the  theoretical  questions 
before  us. 

The  difficulties  which  the  sea-level  theory  present  to  some  minds 
may  be  stated  to  be — (a)  a  great  regional  depression  of  the  continent; 
(b)  the  absence  of  absolute  continuity  of  the  beaches;  (c)  the 
absence  of  marine  organisms  in  the  beaches ;  and  (d)  the  personal 
equation  of  theoretical  views.  On  the  other  hand,  the  theory  of 
glacial  dams  presents  such  obstacles  that  their  value  will  be  con- 
sidered at  length. 

The  idea  of  the  hydrostatic  stability  of  the  continent  must  not  be 
too  strongly  relied  upon,  for  the  evidence  adduced,  showing  that  the 
continent  lately  stood  three,  or  even  temporarily  at  six  thousand  feet 
higher  than  now,  appears  conclusive.  Such  mobility  of  the  earth's 
crust  being  established,  there  appears  no  reason  why  the  terrestrial 
pendulum  could  not  have  moved  equally  in  the  opposite  direction, 
and  carried  down  the  highlands  of  Pennsylvania  to  nearly  three 
thousand  feet,  or  those  of  New  England  to  twice  this  depth.  The 
objections  to  such  subsidence  could  only  be  based  upon  its  magni- 
tude, which  observations  must  settle. 

The  absence  of  the  continuity  of  the  shore-markings  is  an 
objection  only  to  a  limited  extent.  Part  of  the  reported  absence 
arises  from  the  imperfections  in  the  explorations,  owing  to  their 
changing  character;  the  local  non-formation  of  beaches,  as  described 
in   a  previous  paper;'    the   failure  of  identification  of  separated 

*  Geology  of  Vennont. 

>  "Ancient  Shores,  Boulder  Pavements,  and  High-lerel  Gravel  Deposits  in  the 
Begion  of  the  Great  Lakes,"  by  J.  W.  Spenoer,  Bull.  GeoL  Soc.  Amer.  toI.  11. 1889, 
pp.  77. 
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points,  owing  to  subsequent  terrestrial  deformation ;  and  the  inter- 
raptions  occasioned  by  topographic  features  and  subsequent  obliter- 
ation by  erosion.  All  of  these  difiSoulties  are  greatest  in  the  higher 
regions,  for  there  the  beaches  must  be  looked  for  amongst  islands 
and  detached  mountain  knobs. 

The  absence  of  marine  remains  seems  perhaps  the  greatest  obstacle 
to  the  acceptance  of  a  sea-level  formation  of  the  beaches,  as  marine 
organisms  are  found  only  up  to  620  feet*  But  the  Pleistocene 
gravels  occur  in  Georgia  and  Alabama,  in  positions  facing  the  sea, 
at  altitudes  of  700  or  800  feet,  and  higher  up  the  greater  valleys  at 
1500  feet,'  without  their  containing  any  marine  remains.  Even 
where  marine  Pleistocene  beaches  occur  on  the  coast  of  Norway, 
there  are  very  few  localities  where  shells  are  found.  How  many  of 
the  older  geological  formations  are  unfossiliferous  ?  How  many 
of  those  ancient  beach  deposits  now  represented  by  conglomerates, 
porous  sandstones,  and,  indeed,  many  clays,  are  entirely  barren? 
Under  such  conditions  have  we  a  right  to  pronounce  judgment  on 
the  freshness  of  waters  based  on  the  absence  of  aqueous  organic 
remains?  This  question  will  be  referred  to  again  in  considering 
the  glacial  dam  theory. 

As  to  the  personal  equation,  it  ought  not  to  pass  beyond  the  limit 
of  conservatism  into  the  province  of  obstruction:  but  it  is  quite 
proper  that  it  should  be  considered ;  for,  as  Prof.  Geikie  has  said, 
when  controversy  ceases,  the  interest  in  the  investigation  declines. 

Glacial  lakes  are  of  two  kinds,  those  whose  waters  are  retained 
hy  morainic  barriers,  and  others  sustained  by  ice  barriers  alone. 

The  former  class  is  represented  in  several  valleys  in  the  Alps, 
where  lateral  glaciers  enter  and  cross  greater  valleys;  sometimes 
the  glacier  carries  its  lateral  moraine  across  the  valley,  and  builds 
a  more  or  less  permanent  earth  dam.  Such  lakes  remain  long  after 
the  glacier  has  melted  away,  and,  even  when  drained,  show  evidence 
of  their  origin.  A  consideration  of  this  class  of  glacial  lakes  does 
not  enter  into  the  subject  of  this  paper. 

In  Switzerland,  Greenland,  and  Alaska,  other  glacial  dams  are 
now  well  known.  These  are  retained  by  the  ice  alone.  When 
glaciers,  free  from  morainic  materials,  descend  lateral  valleys,  and 
cross  other  valleys,  they  do  not  obstruct  the  river,  for  it  continues 
to  flow  beneath  the  ice.  However,  there  are  many  places  where 
glacial  lakes  occur  between  the  ice  and  the  sides  of  the  valleys ; 
especially  is  this  the  case  where  two  glaciers  meet  at  the  end  of 
a  mountain  spur,  like  Lao  Tacul  in  Switzerland.  Small  glacial  lakes 
sometimes  occur  where  lateral  valleys  unite  with  the  glacial-filled 
channel,  like  the  Maijelen  See.  All  modem  glacial  lakes  are  of 
small  size.  One  of  the  largest  lakes  described  in  Greenland  is  not 
over  three  or  four  miles  long,  and  a  mile  wide." 

Such  lakes,  when  they  exist  above  sea-level,  are  evanescent.  Mr. 
H.  Topham  described  some  glacial  lakes  of  Alaska  which  discharge 
by  a  tunnel  eight  miles  long,  under  500  feet  of  ice/    Mr.  I.  C. 

*  At  Montreal.  *  On  the  Upper  Etowah  River  of  Georgia. 

*  Medellelfler  om  Groenland.  *  Proo.  Boy.  Geogr.  Soo.  1888,  p.  434. 
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EuBsel  makes  similar  reports.  The  out-flowing  waters  enlarge  the 
tunnels,  thereby  draiDing  lakes ;  but  the  ice-roofs  fall  in,  and  by 
the  accumulation  of  ice  blocks  the  tunnel  becomes  temporarily 
obstructed,  causing  the  water  of  the  lakes  to  rise.  In  the  very 
nature  of  the  case,  large  lakes  could  not  be  expected,  for  the 
conditions  which  would  permit  their  formation  would  cause  the 
glaciers  to  recede.  Especially  would  this  be  the  case  if  the  glaciers 
"were  hundreds  of  feet  above  the  sea,  with  rivers  draining  beneath 
or  through  them.  It  would  be  difficult  to  perceive  how  any  water- 
level  could  be  maintained  long  enough  to  permit  the  waves  to  carve 
out  terraces  and  sea-cliffs.  With  glaciers  coming  down  into  the  sea, 
it  is  easy  to  understand  how  bays  and  inlets  could  be  obstructed  by 
the  ice  so  as  to  allow  the  water  to.be  freshened.  In  such  lakes  the 
water-level  would  be  maintained  long  enough  to  leave  inscriptions 
in  the  form  of  terraces  and  beaches. 

Such  is  a  brief  account  of  the  natural  history  of  glacial  dams. 
It  has  been  said  that  the  easiest  explanation  of  the  theory  of  our 
great  lakes  is  by  regarding  them  as  formerly  great  glacial  dams. 
So  it  was  thought  ten  years  ago,  that  the  least  troublesome  hypothesis 
of  the  origin  of  the  great  lake  basins  was  by  their  excavation  by 
glaciers;  but  the  writer,  going  into  a  field  of  investigation,  almost 
sealed  by  pre-judgment,  has  shown  that  glaciers  did  not  scoop  out 
the  basins,  and  has  otherwise  found  satisfactory  explanation  of  their 
origin,*  without  invoking  the  necessity  of  ice  being  converted  into 
rock  diggers.  So  also  the  evidence  of  glacial  dams  has  not  been 
found  as  far  as  my  observations  have  been  extended. 

Let  us  examine  how  the  glacial  dam  theory  applies  to  the  shore- 
lines already  described. 

The  physical  features  of  the  Ontario  basin  are  the  most  favour- 
able for  the  construction  of  a  great  lake  retained  by  glacial  dams. 
As  proved  by  its  deformation,  the  Iroquois  beach  was  formed  at  sea- 
level.  If  this  proof  of  the  altitude  of  its  birthplace  did  not  exist, 
the  evidence  of  its  elevation  would  be  obtained  from  a  consideration 
of  the  ability  of  glaciers  to  close  the  St.  Lawrence  valley  to  the 
north-east.  Such  a  barrier  would  have  been  from  80  to  100  miles 
wide,  and  from  800  to  1300  feet  deep  (below  surface  of  water) 
according  to  location.  Yet  the  drainage  of  the  then  expanded  lake, 
over  300  miles  long  (as  far  as  surveyed)  and  100  miles  or  more  in 
width,  was  against,  into,  or  under  the  supposed  glaciers,  except  to 
a  limited  extent  in  its  earliest  stages,  when  a  partial  overflow  was 
by  the  Mohawk  Valley.  Had  the  lake  been  above  sea-level,  a  river 
as  large  6ts  the  St.  Lawrence  would  soon  have  eaten  its  way  through 
the  ice,  and  lowered  the  lake,  for  in  that  direction  alone  it  had  to 
flow;  consequently,  the  great  out  terraces  and  beaches  requiring 
centuries  or  millenniums  of  time,  could  not  have  been  formed 
except  at  sea-level. 

If  the  Algonquin  Beach  of  the  Upper  Lakes  were  formed  in  a 
glacial  lake,  then  the  ioe  barrier  in  the  region  of  Lake  Nipissing 

*  *' Origin  of  the  Basin  of  the  Great  Lakes  of  America,"  by  J.  W.  Spencer, 
Quart.  Journ.  Geol.  Soc.  Lond.  yoL  zlvi.  p.  623. 
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would  have  been  600  or  700  feet  beneath  the  surface  of  the  water. 
The  drainage  must  have  been  under  the  ice,  and  have  amounted 
to  a  discharge  equal  to  that  of  the  modem  Detroit  Biver,  as  the 
drainage  of  Lake  Superior,  Lake  Michigan,  and  Lake  Huron  basins 
i¥Ould  have  been  thus  borne  seaward,  descending  800  feet  to  the 
level  of  the  Iroquois  water.  Under  such  conditions,  the  question 
may  be  asked,  how  could  the  lake  surface  be  retained  long  enough 
at  any  level  to  carve  out  the  deeply-graven  water-lines  and  terrace- 
plains  of  the  Algonquin  Beach,  in  place  of  the  discharging  waters 
melting  away  the  icy  barriers,  which  were  supposed  to  have  been 
the  means  of  retaining  the  lake  300  feet  above  the  level  of  the 
Iroquois  waters? 

We  now  rise  to  the  shores  which  bounded  the  Warren  water. 
These  have  been  explored  from  Lake  Michigan  to  New  York,  and 
to  north-east  of  Toronto,  upon  the  Ontario  peninsula.  Upon  the 
glacial  dam  theory,  this  sheet  of  water  would  need  a  barrier  to  the 
north  as  well  as  to  the  east  The  drainage  of  the  lake,  at  all  stages 
from  the  Bidgeway  Beach  downward,  was  to  the  north-east,  and 
beneath  a  greater  mass  of  ice  than  in  the  case  of  the  Algonquin  or 
the  Iroquois  water.  But  above  the  Bidgeway  Beach,^  at  the 
Manmee  level,'  there  were  outlets  across  Ohio  and  Illinois,  if  it  were 
a  lake.    The  difficulties  are  increasing. 

The  shore  markings  occurring  near  Kalamazoo,  at  about  900 
feet  above  tide,  represent  a  sheet  of  water  having  at  least  five 
outlets  across  Ohio  and  Illinois. 

Again,  the  sea-clififs  of  the  Ontario  peninsula,  at  from  1200  to 
14;25  feet  and  moro,  and  the  beaches  now  found  up  to  1689  feet, 
would  demand  great  dams  to  the  south  as  well  as  to  the  north.  But 
such  dams  could  scarcely  have  existed,  with  open  waters  carving 
oat  sea-cliffs  and  terraces  on  the  high  peninsula  of  Ontario,  and 
also  leaving  records,  200  miles  to  the  south.  It  should  be  noted 
that  gravel  deposits  of  the  so-called  hame  and  6sar  structures  occur 
at  all  high  levels,  but  of  these  I  do  not  take  cognizance. 

The  drainage  of  this  high  country,  such  as  the  Genesee  valley, 
•with  terraces  up  to  1900  feet  or  more,  and  of  the  "terminal 
moraine  "  up  to  2680  feet,  was  toward  the  north  without  obstruction. 

Ascending  now  to  Potter  County,  we  find  the  gravel  ridge  at 
2660  feet,  on  the  very  edge  of  the  highest  knob  of  the  '*  terminal 
moraine."  This  high  point  could  not  have  stood  out  of  the  ice  as 
a  Greenland  Nunatak,  with  a  lake  around  it,  for  it  is  at  the  margin 
of  the  drift,  and  glaciers  do  not  deposit  their  terminal  detritus  within 
the  ice,  but  at  their  very  margins.  It  seems  impossible  to  conceive 
a  glacial  mass  retaining  a  lake  about  this  flattened  knob,  even  if  the 
country  were  submerged  to  almost  sea-level. 

There  are  other  similar  deposits  on  adjacent  summits.  Again, 
had  a  glacier  existed  on  the  top,  or  on  the  southern  side  of  this 
'<  moraine  "  ridge,  its  melting  ice  must  have  carried  great  quantities 
of  drift  into  the  valleys  to  the  south,  which  neither  Mr.  Lewis  nor 

^  **  High  Level  Shores  in  the  Re^on  of  the  Great  Lakes  and  their  DeformatioD/' 
by  J.  W.  Spencer,  Amer.  Joom.  Sci.  vol.  xli.  1891,  s  Ibid. 
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I  have  seen.  Bnt  the  drainage  was  to  the  north,  into  the  hypo- 
thetical glacier,  which,  if  it  permitted  subglacial  drainage,  could 
scarcely  have  formed  lakes. 

Under  these  conditions  fairly  stated,  I  think,  whether  is  it  easier 
to  accept  a  great  subsidence  of  the  continent  to  nearly  2700  feet,  in 
Western  Pennsylvania,  or  account  for  the  phenomena  by  glacial 
dams,  formed  on  land,  vastly  lower  to  the  north. 

Indeed,  the  great  deformation  of  the  lake  region  had  scarcely 
begun,  and  consequently  even  the  modem  highlands,  north  of  the 
great  lakes,  were  then  very  much  lower  than  now,  when  compared 
with  the  region  to  the  south.  I  cannot  hesitate  in  forming  a  con- 
clusion that  the  evidence  is  in  favour  of  a  late  continental  subsidence, 
rather  than  of  hypothetical  glacial  lakes,  hundreds  of  miles  long 
and  broad,  like  nothing  ever  seen,  which  could  not  answer  the 
requirements. 

The  difficulty  in  accepting  the  subsidence  without  the  occarrence 
of  marine  shells  has  in  part  been  pointed  out  But  their  absenoe  in 
the  lower  beaches  may  be  accounted  for,  in  part,  by  the  sheets  of 
water  being  more  or  less  cut  off  from  the  sea,  and  receiving  great 
quantities  of  fresh  water.  This,  however,  will  not  explain  their 
absence  on  the  higher  beaches.  The  varying  climatic  conditions  of 
the  water,  and  the  changes  of  level,  destroying  the  life,  and  too 
rapid  to  allow  of  remigration,  may  in  part  account  for  the  absence  of 
organisms  in  the  shore-lines. 

The  record  of  subsidence  deciphered  in  the  high  shore-lines  of  the 
lake  region  is  supported  by  the  observations  of  Dr.  G.  M.  Dawson, 
Mr.  R,  G.  McGonnell,  and  others,  on  the  mountains  rising  above  the 
great  plains  of  North- Western  Ganada,  and  on  the  mountains  be- 
tween there  and  the  Pacific  Goast  Dr.  Dawson^  finds  gravel 
terraces  upon  high  sides  of  the  Bocky  Mountains  facing  the  east, 
in  position  showing  their  origin  not  to  have  been  river- terraces. 

From  extensive  observations  Dr.  Dawson  concludes  that  the 
Pleistocene  submergences  amounted  to  4000  or  5000  feet  in  the 
region  of  the  International  Boundary  (49th  parallel),  whilst  in 
Alaska  it  did  not  exceed  2500  or  3000  feet.  He  also  hypothecates 
two  episodes  of  submergence,  the  latter  being  less  extensive  than 
the  former.  Further,  he  regards  the  elevation  and  subsidence  of  the 
great  plains  and  western  mountains  as  alternating,  and  that  the  drift 
materials  of  the  plains  were  deposited  at  sea-level. 

Mr.  B.  G.  McGonnell  informs  us  that  on  Gypress  Hills,  with  an 
altitude  of  4800  feet,  the  drift  does  not  rise  above  4400  feet.  A 
hundred  and  fifty  miles  to  the  north-west  the  drift  is  not  found 
above  3400  feet  on  Hand  Hills  (Tyrrell).  But  south  of  the  Gypress 
Hills,  near  the  47th  parallel,  drift  occurs  up  to  4660  feet  on  Three 
Buttes  (Dawson).  From  these  figures  Mr.  McGonnell  shows  a 
differential  level  of  7*2  feet  per  mile,  the  elevation  being  greater 
nearer  the  49th  parallel.' 

^  "Later  Physiographical  Geology  of  the  Bocky  Mountain  Begion  in  Canada, 
with  Special  Beference  to  Changes  in  the  Elevation  and  the  History  of  the  Glacial 
Period,*'  Trans.  Boy.  Soc.  Canmla,  1890. 

^  Geological  Survey  of  Canada,  Beport  for  1885. 
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In  the  east,  the  history  of  the  ohangea  has  not  been  fully  de- 
ciphered. Erratics  occur  on  the  top  of  Mount  Washington  to 
6300  feet,  whilst  on  the  top  of  Mount  Eatahdin,  in  Maine,  they 
oocar  to  only  4400  feet  (Upham).  Conforming  with  Dr.  Dawson's 
views,  as  applied  to  the  west,  we  have  a  greater  rise  in  the  White 
Mountains  than  eastward.  The  altitude  of  beach  formation  in  the 
highlands  of  Labrador  (1500  to  2000  feet)  shows  the  recent  uplift 
to  have  been  less  than  in  New  England. 

Combining  the  movements  of  the  east  and  the  west,  it  would 
appear  that  the  great  Pleistocene  uplift  reached  its  maximum  along 
a  line  between  the  Gulf  of  the  St.  Lawrence  and  Vancouver  Island, 
rather  than  in  higher  latitudes.  The  youthfulness  of  the  northern 
topographic  features  shows  that  the  elevation  of  the  lands  in  the 
higher  latitudes,  above  the  base-level  of  river- erosion,  has  taken 
place  in  recent  geological  times ;  for  there  is  a  lack  of  such  great 
canons  in  the  country  to  the  north  of  the  great  lake  zone,  as  occur 
in  the  region  to  the  south  of  it 

If  the  subsidence  of  the  northern  portion  of  the  continent  appears 
to  have  been  great,  that  of  fiarbadoes  to  the  south-east  appears  to 
have  been  greater,  for  Messrs.  J.  B.  Harrington  and  A.  J.  Jukes- 
Browne,'  have  pointed  out  that  there  are  on  the  island  oceanic 
deposits  resting  upon  beds  of  sandstones  and  shales  of  probable 
Miocene  age,  and  beneath  coral  formations  of  age  not  greater  than 
the  Pleistocene.  These  deposits  indicate  an  origin  of  not  less  than 
a  thousand  fathoms,  and,  as  Mr.  Jukes-Browne  points  out,  probably 
of  vastly  greater  depth.  This  geologically  recent  subsidence  was 
likely  to  have  been  synchronous  with  that  of  the  north,  but  may 
have  been  one  of  those  alternating  conditions  hypothecated  by 
Dr.  Dawson. 

The  Qords  of  the  coast  of  Norway  show  that  the  Scandinavian 
peninsula  stood  4000  feet  higher  than  now.  The  silts  and  terrace 
deposits  at  3000 'feet  point  to  a  subsidence  of  that  region,  the  same 
as  similar  deposits  in  the  mountains  of  America. 

The  deep  submerged  channels  south  of  Asia,  like  that  of  the 
Ganges,  which  is  3570'  feet  deep,  point  to  a  recent  submergence  to 
tliat  amount  But  such  deep  channels  are  not  known  in  the  north 
of  Asia,  consequently  the  higher  latitudes  do  not  show  a  great 
amount  of  recent  depression.  The  Pliocene  deposits  of  Sicily,  at 
8000  feet,  demonstrate  a  recent  elevation. 

Pliocene  deposits  in  the  south-east  of  England  are  now  found  at 
600  feet  above  tide.  Their  counterparts  at  Utrecht  have  been  shown 
by  Mr.  Clement  Reid  to  be  now  submerged  more  than  1143  feet.* 

The  oft-quoted  Moel  Tryfaen  deposits,  in  north-western  Wales, 
contain  marine  shells  at  1400  feet,  with  similar  but  unfossiliferous 
beds  rising  to  nearly  2000  feet.  These  deposits,  which  I  have 
visited,  I  consider  to  have  been  formed  where  found.     But  they  do 

*  Geology  of  Barbadocs,  1890. 

»  **  High- Level  Terraces  of  Norway,"  by  J.  R.  Dakyns,  Gbol.  Mao.  1877,  p.  72. 
'  Brit.  Admiralty  Chart,  No.  70. 

*  "Nature,"  August  12,  1886,  p.  342. 
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not  represent  so  late  a  subsidence  as  onr  deposits  in  the  lake  region, 
for  they  are  not  the  saperficial  gravel,  but  are  covered  by  a  few  feet 
of  more  recent  till. 

These  few  foreign  examples,  just  cited,  show  that  the  continental 
movements,  as  set  forth  in  this  paper,  are  not  peculiar  to  America, 
but  they  were  probably  not  synchronous,  although  they  have  taken 
place  in  the  most  recent  geological  times. 

This  paper  must  of  necessity  be  imperfect,  as  it  is  the  first  attempt 
to  work  out  the  detailed  evidence  of  recent  terrestrial  subsidence 
from  records  in  the  ancient  shore-lines,  many  of  which  have  only 
lately  been  reported.  All  of  the  phenomena  cited  show  that  in 
modem  geological  times  there  have  been  gigantic  movements  causing 
the  earth's  crust  to  move  to  and  fro,  producing  conditions  which 
have  greatly  modified  the  physical  features,  climatic  conditions,  and 
distribution  of  life. 


YIL — Thb  Effect  of  Sedimentation  on  the  Tempsbatubb  of  the 
Earth's  Crust. 
By  T.  Mbllard  Rbadb,  C.E.,  F.6.S.,  etc. 
ly  I~Y  letter  in  the  March  Number  of  the  Geological  Maqazene, 
Jyi  asking  for  a  description  of  the  "  Herschel-Babbage  "  theory 
of  Mountain  formation,  appears  to  have  called  forth  Mr.  Davison's 
"Note  on  the  Expansion  Theory  of  Mountain  Evolution,"*  in  which 
he  favours  us  with  his  definition  of  the  "  fundamental  principle  of 
the  theory  of  terrestrial  evolution  which  has  sometimes  been  called 
the  *  expansion  theory.'  " 

Whether  this  fundamental  conception  is  identical  with  the  "  Her- 
schel-Babbage "  theory  is  not  stated,  but  I  am  obliged  to  Mr. 
Davison  for  putting  his  views  on  the  subject  into  a  form  admitting 
of  examination  and  discussion.  To  make  my  meaning  plain,  I  shall 
have  to  repeat  Mr.  Davison's  own  words. 

"Masses  of  sediment  laid  down  in  an  area  of  subsidence  are 
gradually  lowered  to  regions  of  the  earth's  crust  that  are  at  a  higher 
temperature  than  that  in  which  they  were  deposited.  The  sediment, 
being  heated,  expands,  is  crumpled  and  folded  internally,  and, 
bulging  up  at  the  surface,  is  reduced  by  denudation  to  the  form  of 
a  mountAin-chain." '  On  which  the  following  observations  are 
made.  "  It  is  obvious  that  the  heat  which  passes  into  and  expands 
the  sediment  must  be  withdrawn  from  the  immediately  adjoining 
parts  of  the  earth's  crust,  partly  laterally,  but  chiefly  from  below  ; 
and  that  the  amount  of  heat  gained  by  the  sediment  must  be  equal 
to  that  lost  by  the  crust." 

So  far  from  this  being  "  obvious,"  I  consider  it  a  fundamental 
misconception.  If  a  mass  of  strata  at  the  surface  having  the  sur- 
face temperature  could  be  placed  in  contact  with  another  mass,  say 
ten  miles  deep,  having  the  temperature  due  to  that  depth,  the  colder 

*  Geological  Magazine,  May,  1891,  p.  210. 

'  It  is  unnecessary  for  me  to  criticize  this  "  fandamental  "  definition  farther  than 
to  disclaim  it  as  an  adequate  statement  of  my  own  theory.  For  an  outline  of  this 
I  must  refer  those  interested  to  the  forthcoming  June  number  of  the  Philosophical 
Magazine. 
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rock  would  withdraw  part  of  tbe  heat  from  the  hotter  till  an  equality 
of  temperature  was  reached.  But  this  is  not  what  takes  place  ;  the 
BubBiding  rock  does  not  come  into  contact  with  strata  at  a  higher 
temperature. 

So  far  from  heat  being  withdrawn  laterally  and  from  below,  the 
general  outflow  of  heat  is  checked  in  the  areas  where  sediments  are 
being  laid  down.  In  these  areas  the  sphere  is  losing  le»B  heat  than 
where  the  surface  continues  in  a  normal  condition.  A  portion  of 
the  heat  that  would  otherwise  escape  into  space  is  being  used  up  in 
heating  the  sediment 

Mr.  Davison  seems  to  have  had  a  glimmering  of  this  truth  before 
completing  his  ''  Note,"  for  the  last  paragraph  but  one  is  entirely 
opposite  and  contradictory  to  the  preceding  which  I  have  quoted. 

(Jnfortunately  the  effect  has  not  been  to  compel  him  to  withdraw 
the  erroneous  view,  but  to  attempt  to  minimize  the  dynamical  effect 
of  the  true  one.  Having  dealt  pretty  freely  with  the  quantitative 
problems  in  my  "  Origin  of  Mountain  Ranges/'  I  do  not  propose  to 
enter  upon  this  phase  here. 

To  say  that  the  sediment  piled  up  in  an  earth  trough  "  mihdrawi  '* 
beat  from  the  underlying  strata  is  about  as  correct  as  to  maintain 
that  covering  a  steam-boiler  with  felt  withdraws  heat  from  it  To 
give  an  illustration  ;  if  the  valley  of  the  Dead  Sea  were  levelled  up 
with  sediment,  the  underlying  rocks  would  be  raised  to  a  tempera- 
ture dependent  upon  the  thickness  of  the  sediment  and  its  coefficient 
of  conductivity.  The  raiding  of  the  temperature  of  a  body  is  not 
nsnally  considered  to  indicate  a  withdrawsd  of  its  heat. 


VIIL— On  thk  Pbeparatton  of  a  Cheap  Heavy  Liquid,  fob  th» 
Separation   of   Mwerals. 

By  W,  B.  D.  Edwards,  A.R.C.8., 
of  the  Geological  Sunrej  of  India. 

THE  high  price  of  all  heavy  liquids,  and  the  consequent  care  that 
has  to  be  taken  in  using  them,  the  latter  of  course  entailing 
great  expenditure  of  time,  were  the  reasons  which  caused  me  to  make 
experiments,  with  regard  to  the  manufacture  of  Klein's  solution 
(borotungstate  of  cadmium)  on  a  small  scale.  The  price  quoted  in 
a  well-known  chemical  manufacturer's  price-list  is  3«.  6d.  per  oz. 
My  experiments  have  shown  me  that  it  can  be  made  for  about  Id,  per 
oz.,  plus  the  value  of  the  time  of  the  maker.  The  process  is  very 
simple,  and  not  much  time  is  necessary  in  making  it.  A  rough 
outline  of  the  method  of  preparation  is  given  by  Dr.  Klein  in  the 
Comptes  Rendus,  vol.  xciii.  August,  1881. 

The  apparatus  required  consists  of  two  large  porcelain  evaporating 
diahes  !(/  diameter,  two  of  6',  and  two  of  3',  two  glass  beakers 
Ky  deep,  and  two  6'  deep,  a  glass  funnel  and  a  water  bath.  A 
fume  cupboard  or  some  arrangement  for  carrying  off  acid  fumes 
is  also  necessary.  The  following  weights  given  will  make  160 
grains  of  cadmium  borotungstate  (t.e.  about  50  c.a),  and  can  be 
oonveniently  manipulated  in  vessels  of  the  size  given  above. 
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Dissolve  450  grams  of  ciystallized  sodiam  tungstate  in  as  little 
boiling  water  as  possible.  When  quite  dissolved,  add  675  grams  of 
boric  aoid  in  small  crystals,  a  little  at  a  time,  and  with  constant 
stirring.     This  should  be  done  in  a  large  beaker. 

When  quite  dissolved,  the  solution  should  be  poured  into  a  large 
evaporating  dish  and  put  aside  in  a  place  where  it  will  not  be  dis- 
turbed or  shaken.  It  should  be  covered  up  from  dust  In  about 
twenty-four  hours,  or  longer,  the  liquid,  which  is  of  a  light  purple 
colour,  should  be  poured  off  quickly  into  another  evaporating  basin 
from  the  crystals.  The  latter  should  be  in  the  form  of  a  hard  solid 
deposit  at  the  bottom  of  the  basin.  These  crystals  can  be  washed 
with  hot  water  three  or  four  times,  the  washings  being  added  to  the 
mother-liquor. 

The  latter  will  now  probably  be  found  to  be  in  a  thick  pasty 
condition,  due  to  the  formation  of  small  crystals.  These  will  be 
found  to  dissolve  up  on  heating  the  dish  and  its  contents  on  a 
water  bath.  About  half  of  the  water  can  now  be  driven  off  on 
the  water  bath,  care  being  taken  not  to  drive  off  so  much  that  a 
crust  begins  to  form  on  the  surface  of  the  hot  liquid.  The  solution 
is  again  set  aside  as  before  and  left  to  cool  and  crystallize.  The 
liquid  is  poured  off  into  one  of  the  smaller  dishes  and  the  crystals 
washed  as  before.  This  process  of  crystallization  is  gone  through 
again  until  a  piece  of  orthoclase  will  float  in  the  liquid.  The 
principal  point  being  to  always  make  the  polyborates  of  soda  crys- 
tallize out  either  as  single  large  crystals  or  as  a  hard  crystallme 
crust  It  is  impossible  to  separate  and  wash  the  crystals  if  they 
are  very  small. 

Owing  to  the  high  density  of  the  liquid,  in  the  later  stages  a 
longer  time  is  necessary  for  the  sodium  borates  to  crystallize  out 
than  at  first.  A  piece  of  glass  or  felspar  will  be  found  to  float 
when  the  liquid  has  been  evaporated  down  to  about  220  cc.  The 
next  process  is  to  heat  the  sodium  borotungstate  on  the  water  bath 
to  100^  G. ;  pour  into  a  large  beaker,  and  add  a  boiling  saturated 
solution  of  barium  chloride.  This  should  be  done  carefully, 
stirring  the  solution  while  pouring  the  BaCl|  in,  a  little  at  a  time. 
The  BaCl,  solution  should  consist  of  150  grams  of  crystallized 
BaClt  in  about  200  cc.  of  distilled  water.  A  dense  white 
precipitate  forms  on  pouring  the  barium  chloride  solution  into 
the  sodium  borotungstate,  and  this  precipitate  should  be  stirred 
for  some  minutes  so  as  to  thoroughly  mix  the  two  liquids.  After 
a  few  minutes  hot  water  should  be  added  and  the  precipitate  stirred 
up  thoroughly.  In  a  short  time  the  supernatant  liquid  can  be 
siphoned  off  from  the  precipitate.  This  washing  process  should 
be  repeated  some  10  or  15  times.  The  white  precipitate  is  next 
transferred  to  a  large  evaporating  dish,  and  about  300  cc.  of  dilute 
HCl  added  (1  H  CI  to  10  HsO) ;  the  mixture  of  precipitate  and 
solution  is  evaporated  to  dryness  on  a  water  bath,  about  40  cc  of 
strong  HCl  being  added  towards  the  end. 

The  dried  mass  is  then  treated  with  about  300  cc  of  hot  distilled 
water,  the  former  being  thoroughly  broken  up  into  fine  powder 
with  a  glass  rod  flattened  at  one  end. 
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The  green  sediment  of  tongstio  hydrate  is  filtered  off  and  washed, 
the  washings  being  added  to  the  solution  of  barium  borotungstate. 
The  liquid  is  evaporated  down  and  allowed  to  stand.  Yellow 
crystals  are  formed,  and  with  a  little  care  these  can  and  should  be 
obtained  as  single  large  crystals.  The  latter  crystallize  in  two 
forms,  one  as  modified  tetragonal  prisms  with  well-developed 
basal  planes,  and  the  other  as  flattened  forms  much  resembling 
hexagonal  forms  in  shape. 

Nearly  the  whole  of  the  barium  borotungstate  can  be  obtained, 
the  mother-liquid  being  evaporated  down  a  little  more  after  each 
crop  of  crystals  has  been  obtained.  Towards  the  end  of  the  process 
transparent  colourless  platey  crystals  of  barium  borate  may  separate 
out  as  well.  The  barium  borotungstate  crystals  should  be  dissolved 
up  in  water  and  recrystallized  once  again.  They  should  then  be 
dissolved  up  in  about  200  c.c.  of  distilled  water  and  a  solution  of 
CIS04  added  from  a  burette  or  a  pipette,  care  being  taken  to  add 
it  very  slowly,  drop  by  drop  as  long  as  a  precipitate  falls,  and  the 
precipitate  of  BaSo^  is  then  filtered  off  and  the  filtrate  is  evaporated 
down  in  a  porcelain  dish  on  a  water  bath  till  a  piece  of  olivine 
floats  on  the  surface.  This  liquid  will  be  found  to  have  a  specific 
gravity  of  3*46  at  60°  F.,  and  it  takes  some  hours  before  some  of 
the  salt  crystallizes  out  and  the  specific  gravity  falls  to  3*28.  It 
might  thus  perhaps  be  used  for  the  separation  of  some  minerals 
of  specific  gravity  greater  than  846,  though  care  would  have  to  be 
taken  not  to  allow  crystals  to  form  on  the  lighter  minerals  and 
thus  sink  them. 

It  will  be  found  that  the  cost  of  the  chemicals  used  will  come  to 
about  three  shillings,  viz. : — 

450  grams  f nearly    lib.)  Bodium  tungstate U, 

676      „      fnearly  lilb.)  boric  acid 9rf. 

160      ,,      (6^     ounces)  barium  chloride    4^<f. 

26      „      (0*87  ounces)  cadmium  sulphate     ...  6d, 

Pure  hydrochloric  acid,  filter  papers,  etc 4^. 

The  quantity  of  cadmium  borotungstate  obtained  is  about  160 
grams,  or  50  c.a  The  borotungstate  crystals  separate  out  from  the 
solution  saturated  when  hot  and  are  nearly  colourless. 

The  crystals  of  barium  borotungstate  obtained  earlier  in  the 
process  cannot  be  mistaken  when  once  seen.  They  are  light  yellow, 
transparent,  and  have  a  splendid  lustre.  The  surface  becomes  yellow 
and  opaque  on  washing  with  water. 

The  principal  difficulty  in  the  manufacture  of  this  liquid  is  the 
care  that  has  to  be  taken  in  crystallizing  the  various  salts  out  from 
their  solutions.  There  is  no  reason  why  any  geologist  with  a  little 
knowledge  of  chemical  manipulation  should  not  make  his  own 
heavy  liquid,  or  why  the  manufacturer  should  charge  such  an 
exorbitant  price  as  at  present,  as  the  actual  time  spent  in  making 
it  is  very  small,  though  spread  over  several  days. 

In  conclusion,  I  must  express  my  obligations  to  Prof.  Judd,  F.B.S., 
who  has  afforded  me  great  facilities  in  carrying  out  these  operations. 
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I, — An  Intboduotion  to  the  Study  of  Petrology:  the  Igneous 
Rooks.  By  Fbedbriok  H.  Hatch,  Ph.D.,  F.G.S.  pp.  128. 
(London,  Swan  Sonnenschein  &  Co.  1891.) 

THE  object  of  this  little  book  (as  stated  in  the  preface)  is  to 
describe  the  mineral  constituents  and  structure  of  the  Igneous 
Eocks,  their  mode  of  occurrence  and  origin;  and  the  author  has 
fulfilled  his  task  in  an  accurate,  clear,  and  concise  manner. 

Petrology  is  rapidly  developing  a  language  of  its  own,  and 
Dr.  Hatch,  who  has  already  done  good  service  in  explaining  the 
meaning  of  its  many  terms  in  his  Glossary  (appended  to  TealFs 
British  Petrography),  gives  also  many  useful  definitions  in  his 
present  work.  It  will  be  of  service,  therefore,  as  a  text-book  for 
students  who  are  giving  especial  attention  to  Igneous  rocks,  while 
to  geologists  in  general  it  will  be  a  handy  book  of  reference  on  the 
principal  Igneous  rocks,  and  their  distribution  in  the  British  Islands. 
These  portions  of  the  subject  occupy  about  one-half  of  the  volume, 
the  other  half  being  mainly  devoted  to  the  constituent  minerals. 
We  may  observe,  by  the  way,  that  a  few  diagrams  showing  the 
mode  of  occurrence  of  the  rocks  would  have  been  useful. 

The  title  of  the  book  is.  perhaps,  a  little  misleading  (unless  the 
work  be  intended  to  form  one  of  a  series),  for  the  author  has 
brought  us  into  the  presence  of  Petrology,  without  giving  us  any 
real  introduction.  The  student  will  find  that  he  cannot  make 
acquaintance  with  the  subject  without  a  good  preliminary  know- 
ledge of  Optics  and  Crystallography,  to  say  nothing  of  Chemistry. 
Dr.  Hatch,  it  is  true,  states  that  the  scope  of  his  work  is  too  small 
to  admit  the  treatment  of  Optical  phenomena,  and  he  refers  the 
student  to  the  lately  published  and  excellent  '-Notes  on  a  New 
Form  of  Polarizing  Microscope,"  by  Allan  B.  Dick.  Mr,  Dick's 
«  beginner  "^  is  told  how  to  measure  angles  of  extinction,  and  how 
to  observe  the  "  dispersion,"  and  the  character  of  the  pleochroisra  of 
any  mineral,  but  even  he  must  start  with  some  preliminary  training, 
and  Mr.  Dick  recommends  Spottiswoode  on  Polarized  Light 

Thus  the  student  who  wishes  to  master  the  methods  of  research, 
and  be  enabled  to  undertake  investigations  on  his  own  account, 
must  seek  help  elsewhere.  He  will  find  much  practical  information 
in  Rutley's  "  Eock-Forming  Minerals,"  but  that  work  is  not  altogether 
free  from  technical  terms,  that  may  be  familiar  to  the  advanced 
student,  but  which  might  discourage  the  beginner.  Prof.  Cole's 
**  Aids  in  Practical  Geology  "  introduce  the  subject  in  a  far  simpler 
form,  and  thus  provide  more  easy  lessons  on  Petrology  and  its 
methods  of  research.  Dr.  Hatch's  book  contains  only  the  main 
facts  concerning  Igneous  rocks,  and  it  will  not  educate  the  student 
to  identify  his  specimens. 

Although  the  identification  of  Igneous  rocks  is  a  task  that  now- 
a-days  requires  much  special  training,  Petrol ogists  unfortunately 
appear  to  attach  but  little  importance  to  rock  names.     They  prefer 
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to  treafc  the  rocks  as  mineral  aggregates  and  to  describe  their 
structure  and  composition.  The  field -geologist  is  mainly  concerned 
with  their  mode  of  occurrence  and  origin ;  and  to  him  rock-names 
are  a  necessity.  We  are  glad  to  find  that  the  needs  of  the  field- 
geologist  are  not  neglected  by  Dr.  Hatch.  Referring  to  the  classifi- 
cation of  the  rocks,  he  says  ''  Chemical  composition  (as  far  as  the 
percentage  of  silica  is  concerned)  and  mode  of  origin  or  occurrence 
occupy  a  chief  place.  Mineralogical  composition  is,  on  account  of 
its  extreme  variability,  allowed  to  play  only  a  subsidary  rdW*  In 
this  difficult  task  of  furnishing  a  classification  of  the  Igneous  rocks, 
Dr.  Hatch  has  achieved  success. 


II. — Dr.  H.  Filhol  on  the  Fossil  Mabimals  of  Sansak. 

£tx}dks  suk  lvs  Mammi7£Bbs  Fossiles  de  Sansan.    Ann.  Sci.  OeoL 
vol.  xxi.  Art.  1 ;  pp.  320,  46  plates. 

11HE  small  village  of  Sansan,  near  Auch,  in  the  department  of 
Grers,  has  long  been  celebrated  for  the  number  of  remains  of 
Mammals  found  in  beds  belonging  to  the  Miockne  Moyen  of  the 
French  geologists,  and  also  for  the  beautiful  state  of  preservation  in 
which  many  of  these  remains  occur.  The  first  in  the  field  to  under- 
take the  description  of  these  specimens  was  the  late  M.  Edouard 
Lartet,  but  his  investigations  appear  to  have  been  hampered  by  the 
lack  of  sufficient  opportunities  for  illustrating  his  descriptions  with 
figures.  This  want  was  to  a  certain  extent  remedied  by  the  late 
M.  Paul  Gervais,  Dr.  Eowalevsky,  and  others;  but  only  certain 
species  or  groups  were  fully  treated,  and  we  have  never  had  any 
attempt  at  a  monograph  of  the  Sansan  Mammals  since  Lartet's 
preliminary  catalogue. 

In  the  work  before  us  we  now  have  the  whole  series  of  these 
remains  not  only  well  described,  but  fully  illustrated  by  excellent 
plates ;  and  all  who  are  interested  in  this  branch  of  fossil  zoology 
owe  a  debt  of  gratitude  to  Dr.  H.  Filhol,  of  the  Paris  Museum,  fox* 
the  execution  of  this  laborious  task.  It  appears  that  the  Doctor  has 
been  in  the  habit  of  paying  periodical  visits  to  the  Sansan  quarries 
during  the  past  three  years,  and  has  thus  succeeded  in  obtaining 
a  number  of  specimens  which  far  surpass  most  of  those  hitherto 
described.  Many  of  Lartet's  types  have  also  been  fully  described 
and  figured  for  the  first  time. 

The  total  number  of  species  of  Mammals  which  Dr.  Filhol  recog- 
nizes from  these  deposits  is  78;  these  being  arranged  under  the 
heads  of  42  genera.  In  this  notice  we  shall  only  refer  to  a  few  of 
the  species  which  appear  to  us  of  especial  interest  Before  doing 
so,  we  venture,  however,  to  call  attention  to  some  instances  of 
carelessness  on  the  part  of  the  author  which  are  exceedingly  em- 
barrassing to  those  who,  like  the  present  writer,  have  to  record 
new  genera  and  species.  To  begin  with,  Dr.  Filhol  never  states 
which  of  the  genera  and  species  to  which  his  name  is  appended  are 
mentioned  for  the  first  time.  In  the  absence  of  any  back  reference, 
it  would,  however,  be  natural  to  assume  that  when  we  meet  with 
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names  like  Talpa  primava  (Filh.),  on  p.  35,  sucb  specific  names  are 
new  ones.  This,  indeed,  appears  to  hold  good  for  that  particular 
instance,  and  also  for  Musiela  leptorhyncha  on  p.  105.  When,  bow- 
ever,  we  tnrn  to  Mustela  larteti  on  p.  107,  we  find  precisely  the 
same  condition,  although  this  specific  name  was  applied  by  the 
author  in  the  ''  Bull.  Soc.  Philom.'*  for  1888.  A  still  worse  instance 
occurs  on  page  265,  where  we  find  the  name  Strogulognathua 
gansaniensis,  apparently  as  a  new  genus  and  species,  without  the 
slightest  reference  to  the  fact  that  the  specimens  so  named  had 
been  described  by  the  author  in  1888  in  the  serial  cited  under  the 
name  of  Platuproaopos  sanBoniensis.  This  change  of  the  generic 
name  has  been  rightly  made  on  account  of  the  preoccupation  of  the 
one  first  applied,  but  this  ought  to  have  been  fully  notified  in  the 
text  Moreover,  when  he  was  changing  the  name,  the  author  might 
have  given  the  correct  Strongylognaihus  instead  of  the  incorrect 
Strogtdognathus.  It  may  also  be  mentioned  that  in  1888  Dr.  Filhol 
described  a  Mammal  from  Sansan  under  the  name  of  Choilodon 
elegnns,  although  no  such  specific  or  generic  name  occurs  in  the 
present  work.  Whether  the  omission  of  these  names  is  due  to 
inadvertence,  or  whether  they  have  been  replaced  by  others,  we  are 
quite  unable  to  say. 

Then,  again,  we  notice  some  very  embarrassing  errors  in  regard 
to  references,  as  well  as  a  large  number  of  misprints.  Thus,  in 
a  footnote  on  page  133,  the  present  writer  is  quoted  as  loc.  dt. 
without  the  slightest  previous  mention  of  any  work  to  which  the 
loc.  cit,  could  refer.  As  instances  of  carelessness  in  spelling,  we 
may  refer  to  the  generic  name  Lanthanotherium  given  on  page  23, 
but  which  appears  as  Lantanotherium  on  page  317;  there  being 
here,  again,  not  the  slightest  reference  that  this  name  first  appeared 
under  the  latter  incorrect  form  (in  which  it  has  been  quoted  in 
two  Manuals)  in  1888.  Again,  on  page  73  et  seq.  we  are  some- 
what surprised  to  find  FseudcBilurvs  or  PseudailuruB  modified  into 
Paeudelurus ;  but  when  we  see  the  author's  own  genus  Froailuma 
repeatedly  appearing  as  Prailurus,  our  astonishment  at  the  way 
words  are  treated  is  still  greater.  In  the  index  the  appearance  of 
Myogale  aansaniensia  immediately  after  Nygale  aansamensis  suggests 
an  inadvertent  repetition  of  a  name,  till  we  turn  to  the  text  and 
find  that  Myogale  is  a  misprint  for  Myolagus, 

We  have  alluded  thus  at  length  to  these  omissions  and  errors  by 
which  the  work  is  disfigured,  as  they  are  so  embarrassing  to  those 
who  have  to  record  and  quote  from  it ;  but  it  is  with  pleasure  that 
we  turn  to  notice  some  of  the  more  important  forms  described  by 
the  author. 

Among  the  Insectivora,  the  author  has  found  out  that  the 
commonly  accepted  name  Parasorex  is  antedated  by  OcUerix,  whicb 
is  accordingly  adopted. 

In  the  Carnivora,  one  of  the  finest  specimens  described  (pis.  ii.  iii.) 
is  a  nearly  perfect  skull  of  Macharodua  palmidens,  which  is  of 
especial  interest  as  showing  the  presence  of  an  alisphenoid  canal. 
This  canal  being  totally  wanting  in  all  existing  Felida,  its  presence 
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in  the  Sansan  MaeheroduB  seems  to  indicate  that  this  genns, 
although  specialized  as  regards  its  dentition,  is  otherwise  a 
generalized  type.  The  other  most  interesting  Carnivore  is  the  one 
described  by  Lartet  as  Hemicyont  but  referred  by  Gervais  and 
Gaudry  to  Eyanarctus,  The  only  specimen  of  this  species  that 
has  hitherto  been  figured  is  part  of  an  upper  jaw  with  the  hinder 
molars;  but  Dr.  Filhol  tells  ns  that  the  species  was  originally 
founded  upon  the  evidence  of  the  mandible.  An  entire  palate  and 
mandible  are  figured  in  pis.  vii.~ix.,  which  sufficiently  show  that  this 
animal  does  not  belong  to  HyanaretuSf  and  as  it  is  certainly  not 
referable  to  Cephalogale^  and  according  to  Dr.  Filhol  is  different 
from  Dinoeyon,  it  appears  entitled  to  rank  as  a  distinct  genus.  It 
may  be  observed  that  although  the  premolars  agree  with  those  of 
Hyanaretua,  and  differ  from  those  of  the  Dogs,  in  the  absence  of 
fore-and-aft  cusps,  yet  that  there  are  four  of  these  teeth,  in  place 
of  the  three  of  Hyanarctus ;  the  whole  four  in  the  lower  jaw  forming 
a  nearly  continuous  series.  A  further  difference  occurs  in  the 
narrower  and  more  trenchant  form  of  the  hinder  half  of  the  lower 
oamassial  tooth  ;  while  Dr.  Filhol  states  that  the  feet  of  this  animal 
were  digitigrade,  those  of  Amphieyon,  and  doubtless  Hyanaretus, 
being  plantigrade. 

Another  equally  large  Carnivore  described  by  Lartet  as  Pseudocyon, 
hut  identified  by  Pomel  with  Amphicyon,  appears  likewise  entitled  to 
represent  a  distinct  genus.  This  animal  is  unfortunately  known 
only  by  the  lower  jaw,  which  agrees  in  general  characters  with  the 
half-bear-like  half-dog-like  animals  so  common  in  the  Miocene  and 
Pliocene.  It  presents,  however,  the  unique  peculiarity  that  the  first 
lower  premolar  is  implanted  by  two  distinct  roots ;  the  position  of 
this  tooth  being  far  behind  the  canine,  instead  of  close  to  it  as  in 
Amphieyon. 

In  the  Ungulates  we  have  a  good  figure  of  the  skull  of  Bhinoceros 
tauBanieMtSf  which  is  regarded  as  a  good  species ;  while  a  beautiful 
plate  (pi.  xvi.)  of  the  jaws  of  Anehitherium  with  the  deciduous  and 
permanent  teeth  cannot  fail  to  attract  attention.  Equally  important 
is  the  fine  skull  of  Listriodon  shown  in  pi.  xviii.,  which,  in  spite  of 
its  Tapir-like  teeth,  is  clearly  seen  to  be  a  true  Pig.  Space  does 
not  admit  of  reference  to  the  numerous  Deer-like  Buminants  which 
are  so  abundant  at  Sansan  ;  but  we  wish  that  Dr.  Filhol  had  had  an 
opportunity  of  comparing  the  jaw  figured  on  pi.  xzx.  as  StrogtdO' 
gnathua  with  that  of  the  existing  Hydropotes. 

Passing  by  the  Antelopes  and  Mastodons,  our  few  remaining 
observations  must  refer  to  the  subject  which  forms  the  crowning 
interest  of  the  whole  work — the  identity  of  the  limbs  described  as 
Macrotherium  with  the  skull  and  teeth  of  Ckalieotheriwn.  The 
association  of  similar  limb  bones  and  teeth,  not  only  at  Sansan,  but 
likewise  at  Pikermi  and  Samos,  as  well  as  in  the  United  States, 
leaves  no  doubt  that  they  belong  to  one  and  the  same  type  of 
animal,  although  it  may,  of  course,  prove  that  there  is  more  than 
a  single  genus.  Dr.  Filhol  gives  us  not  only  figures  of  the  bones 
of  the  feet,  but  also  attempts  a  restoration  of  the  skeleton.    In  the 
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liiDd-foot,  in  spite  of  the  long  Edentate  claws,  the  general  structure 
is  decidedly  Perissodactyle ;  although  this  is  much  less  marked  in 
the  carpus.  The  teeth,  as  is  well  known,  are  practically  indiB- 
tinguishahle  from  those  of  some  of  the  more  generalized  Perisso- 
dactyles ;  and,  whether  it  be  eventually  proved  advisable  to  retain 
Ckalieotherium  in  that  group,  or  to  make  it  the  representative  of 
a  distinct  suborder  of  Ungulates,  we  cannot  agree  with  our  author 
in  regarding  it  as  in  any  way  indicating  an  affinity  between  the 
Ungulates  and  Edentates,  which,  as  has  been  recently  pointed  oat 
by  Dr.  Ameghino,  probably  have  a  totally  different  phylogeny. 

In  congratulating  Dr.  Filhol  on  the  completion  of  this  valuable 
work,  we  cannot  avoid  expressing  the  hope  that  he  may  be  induced 
to  treat  the  Mammals  of  other  gisements  of  the  typical  French 
Miocene  in  a  similar  manner.  B.  L. 


in. — Guide   dtt  Gi^ologue   dans   lb   Tertiairb  Pabisien.     Far 
A.  Laville.     Pp.  24,  Plates  I.— X.     (Paris,  1890.) 

THIS  brochure  will  prove  exceedingly  useful  to  all  students  of 
the  Paris  basin  Tertiaries.  There  is  no  attempt  at  description 
of  the  beds ;  it  commences  with  a  table  giving  the  subdivisions 
and  groups  of  the  divers  formations  within  the  area ;  followed  hy 
lists  of  the  principal  fossils  found  in  them ;  and  concludes  wiOi 
a  series  of  ten  maps  of  typical  localities. 

In  the  table  the  Meudon  Conglomerate  is  classified  with  the 
Montian,  whilst  the  Pisolitio  Limestone  is  omitted,  presumably 
because  the  author  prefers  to  include  it  in  the  Cretaceous.  The 
lAmnaa  strigosa  marls  form  the  superior  limit  of  the  Eocene,  and 
the  highest  bed  of  the  Oligocene  is  the  Beauce  limestone.  We 
cannot  agree  with  the  author's  classification  of  the  Champigny  lime- 
stone with  the  whole  of  the  Gypsum  beds ;  and  we  do  not  know 
how  the  lacustrine  limestone  of  Ducy  can  consistently  be  bracketed 
with  the  upper,  middle,  and  lower  "  sables  moyens."  If  it  is  to  be 
included  in  the  last-mentioned  division  at  all,  it  must  be  placed  as 
the  equivalent  of  the  Mortefontaine  beds.  In  regard  to  the  fossil 
lists,  which  mostly  deal  with  MoUusca,  it  is  evident  that  the  author 
has  paid  much  more  attention  to  some  genera  than  to  others.  He 
is  very  ambiguous  in  his  nomenclature,  leaving  it  doubtful  in  the 
mind  of  the  reader  whether  he  intends  the  brackets  to  include 
genera,  or  subgenera,  or  merely  discarded  names.  The  maps  form 
the  most  valuable  portion  of  the  work.  They  are  extracted  from 
the  Government  Surveys  on  the  80,000  scale,  and  clearly  indicate 
the  position  of  the  chief  sections  found  within  the  limits  of  each 
district  defined.  The  ten  plates  of  fossils  illustrate  many  carefully- 
selected  characteristic  forms. 


IV. — The  Tertiary  Insects  of  North  America.     By  Samuel  H. 

SCUDDSR.      BePORT   OF   THE   UnITED    StATES    GEOLOGICAL   SURVCT 

of  the  Territories.     F.  V.  Hayden,  U.S.  Gleologist-in-Chaige. 
Vol.  xiii.  1890,  4to.  pp.  734,  pis.  xxviii. 

THIS  massive  volume  contains  the  results  of  more  than  twelve 
years'  labour  devoted  to  the  study  of  the  fossil  Tertiary  Insects 
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of  Nortb  America,  and  even  now  only  the  lower  orders  of  Insects 
have  been  fully  treated;  the  materials  collected  within  the  last 
twenty  years  proving  as  abundant  as  all  those  hitherto  known  from 
tlie  entire  European  area.  In  the  Introduction  the  author  remarks, 
"  The  pages  and  plates  of  the  present  volume  bear  testimony  to  the 
fact  that  our  Tertiary  strata  have  preserved  remnants  of  an  ancient 
host,  so  varied  in  structure^  so  closely  also  resembling  their  brethren 
of  to-day,  that  nearly  or  quite  every  prevalent  family-group  in  the 
entire  range  of  the  insect  world  has  already  been  demonstrated  to 
have  then  existed.  While  often  fragmentary  and  crushed,  sometimes 
beyond  recognition,  a  not  insignificant  number  are  sufficiently  pre- 
served for  us  to  repopulate  the  past;  sometimes,  too,  they  are 
preserved  in  such  a  wonderful  manner  that  in  tiny  creatures  with  a 
spread  of  wings  scarcely  more  than  a  couple  of  millimetres,  one  may 
oount  under  the  microscope  the  hairs  fringing  the  wings." 

Inhere  are  several  localities  which  have  yielded  the  insects  herein 
described,  but  by  far  the  most  important  is  Florissant,  in  a  narrow 
valley  high  up  in  the  mountains  at  the  southern  extremity  of  the 
front  Range  of  Colorado.  The  insects  are  here  preserved  in  an  old 
lake  basin,  probably  of  Oligocene  age,  in  shaly  beds,  now  laid  bare 
by  erosion,  which  are  wholly  composed  of  volcanic  sand  and  ash, 
and  15  metres  in  thickness.  These  beds  yielded  a  greater  number 
of  insects  in  a  single  summer  than  have  been  obtained  at  the  cele- 
brated (Eningen  deposit  in  thirty  years,  and  a  very  interesting 
comparison  is  made  of  the  percentage  of  representation  of  the 
different  groups  at  the  two  localities.  At  Florissant  the  most 
numerously  represented  group  is  the  Hymenoptera,  which  forms 
40  per  cent,  of  the  total ;  followed  by  the  Diptera  with  30  per  cent., 
the  Coleoptera  with  13  per  cent.,  the  Hemiptera  with  11  per  cent., 
and  the  Neuroptera  with  5  per  cent.,  whilst  the  Lepidoptera, 
Orthoptera,  and  Amchnida  together  only  contribute  -54  per  cent. 

Great  numbers  of  plants  are  found  associated  with  the  insects 
at  Florissant,  and  both  kinds  of  organisms  indicate  a  climate  con- 
siderably warmer  than  that  now  prevalent  in  the  locality. 

Of  probably  the  same  age  as  the  Florissant  deposit  are  the 
insect- bearing  beds  of  the  White  River  in  Western  Colorado  and 
Eastern  Utah,  and  of  two  or  three  localities  in  Wyoming.  From 
fine  clays  of  probably  Miocene  age,  at  and  near  Quesnel  in  British 
Columbia,  Dr.  G.  M.  Dawson  obtained  numerous  insects,  mostly 
Hymenoptera  and  Diptera ;  which  Dr.  Scudder  has  also  described. 

Of  a  more  recent  age  are  a  considerable  number  of  elytra  and 
other  remains  of  beetles,  obtained  by  Dr.  G.  J.  Hinde  in  clay  beds 
near  Toronto,  Canada.  Though  only  of  interglacial  age,  the  twenty- 
nine  species  determined  by  Dr.  Scudder  are  all  extinct;  some  of 
the  forma  are  nearly  allied  to  insects  now  inhabiting  the  same 
district  in  Canada  and  the  northern  United  States,  whilst  the 
relatives  of  others  now  exist  in  the  Lake  Superior  and  Hudson 
Bay  Region. 

The  author  notices  some  peculiar  general  features  relating  to 
the  occurrence  of  the  fossil  insects  in  North  America ;  one,  that  in 
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hardly  a  single  instance  has  the  same  species  been  found  in  two 
distinct  localities,  a  fact  which  may  perhaps  be  aocoanted  for  by 
the  beds  not  being  exactly  synchronous,  and  the  author  thinks  that 
the  insect  remains  will  prove  of  more  value  in  the  marking  of 
distinct  horizons  than  the  plants  with  which  they  are  usually 
associated.  Another  feature  is  the  number  and  extraordinary  pro- 
portion of  species  each  so  far  represented  by  a  single  specimen, 
and,  again,  that  no  inconsiderable  proportion  of  the  species  must 
be  referred  to  genera  no  longer  existing. 

The  excellence  of  Dr.  Scudder's  work  is  too  well  known  to  require 
comment,  and  this  present  volume  is  an  additional  proof  of  the 
immense  labour  and  zeal  which  he  brings  to  his  herculean  task. 
Its  importance  will  be  fully  recognized  by  all  palaeontologists  on 
this  side  of  the  Atlantic,  and  its  promised  further  continuance  will 
be  gladly  welcomed. 


Obolooioal  Sogikty  of  Londoh. 
I— April  8,  1891.— Dr.   W.  T.  Blanford,    F.B.S.,    Vice-Presi- 
dent,  in  the  Chair. — The  following  communications  were  read  : — 

1.  "The  Cross  Fell  Inlier."  By  Prof.  H.  A.  Nicholson,  M.D., 
D.Sc,  F.G.S.,  and  J.  E.  Marr,  Esq.,  M.A.,  SecG.S. 

The  tract  of  lower-Palaeozoic  rocks  lying  between  the  Carboni- 
ferous rocks  of  the  Cross-Fell  range  and  the  New  Bed  Sandstone 
of  the  Eden  Valley  is  about  sixteen  miles  in  length,  and  little  more 
than  a  mile  in  average  breadth ;  the  Inlier  extends  in  a  general 
N.N.W.  and  S.S.E.  direction,  and  the  normal  strike  of  the  rocks  is 
about  N.W.  and  S.E.  The  tract  is  divided  along  its  entire  length 
by  a  fault,  which  separates  the  Skiddaw  Slates  (with  the  Ellergill 
Beds  of  one  of  the  authors  and  the  Milbnm  Series  of  Mr.  Goodchild) 
from  higher  beds  on  the  west.  A  detailed  classification  of  the 
Skiddaw  Slates  is  not  attempted,  but  the  authors  describe  the  suc- 
cession of  the  rocks  in  the  faulted  blocks  of  the  western  portion. 
Their  classification  is  as  follows : — 

Coniston  Grits  b  Ludlow. 

Coniston  Flags  (lower  portion)  tsWenlock. 

BtocVdale  8hale8=LlaBdoTer7-Taraimoii. 

Ashgill  Shales.  > 

Stauroeepkalus  Limestone.  I 

Dafton  Shales  and  Eeisley  Limestone.  V  »  Bala. 

Corofia  Beds.  I 

Bhyolitio  Group.  J 

A  brief  comparison  of  these  rooks  with  those  of  other  regions  is 
made  by  the  authors. 

Two  Appendices  are  added.  One  by  Mr.  Alfred  Barker,  M.A., 
F.G.S.,  contains  petrographical  notices  of  certain  sedimentary  and 
volcanic  rocks  in  the  Skiddaw  Slates,  of  the  volcanic  rocks  of  the 
Eycott  and  Bhyolitio  groups,  and  of  the  principal  varieties  of 
intrusive  rocks.  The  second,  by  Mr.  A.  H.  Foord,  F.G.S.,  contains 
a  description  of  some  Gephalopods  from  the  rooks  of  the  Inlier. 
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2.  "  On  the  Igneous  Rocks  of  the  South  of  the  Isle  of  Man."  By 
Bernard  Hobson,  Esq.,  M.Sc,  F.O.S. 

Omitting  the  Foxdale  Oranite,  the  oldest  igneous  rocks  of  the 
island  appear  to  be  the  diabase  dykes  of  Langness,  eto.,  intrusive  in 
Lower-SUurian  slates.  The  Crosby  microgranite  dyke  is  also 
intrusive  in  these  beds,  and  though  its  age  is  difficult  to  fix, 
it  is  probably  newer  than  the  Foxdale  Granite,  which  appears  to  be 
of  post-Lower  Silurian  and  pre-Carboniferous  age. 

Next  come  the  volcanic  rocks  of  lower-Carboniferous  age — an 
augite-porphyrite  series  consisting  of  tuff,  breccia,  agglomerate, 
bedded  lava,  and  intrusive  masses  exposed  in  a  narrow  strip 
extending  from  Poolvash  to  Scarlet  Point.  A  vent  seems  to  have 
been  opened  during  or  after  the  deposition  of  the  Poolvash  lime- 
stone, from  which  fine  volcanic  ashes  were  ejected  to  form  marine 
tuff.  At  intervals  between  the  eruptions  the  Poolvash  marble  was 
deposited,  and  became  interstratified  with  the  tuff.  The  vent  then 
probably  became  plugged  up,  and  a  violent  explosion  following 
supplied  material  for  the  agglomerate  overlying  the  tuff.  Lava  then 
welled  forth,  and  finally  the  volcano  became  extinct,  and  the  in- 
trusive mass  of  the  Stack,  regarded  by  the  author  as  a  volcanic  neck, 
was  exposed  by  denudation.  It  was  probably  at  the  close  of  volcanic 
aotivity  that  a  melaphyre  dyke  was  formed  rosembling  the  porphy- 
ritio  olivine-basalt  of  the  Lion's  Haunch,  Edinburgh. 

At  Poortown  an  intrusive  mass  occurs,  provisionally  termed 
augite-picrite-porphyrite,  and  considered  by  Mr.  J.  G.  Cummiug  to 
be  of  post-Carboniferous  age. 

Numerous  dykes  of  ophitic  olivine-dolerite  occur  between  Bay-ny- 
Carrickey  and  Castletown  Bay,  at  Langness,  etc.  They  are  post- 
Lower  Carboniferous,  and  possibly  of  early  Tertiary  age. 

Full  details  with  regard  to  the  development  and  the  macroscopic 
and  micTosoopic  characters  of  the  various  igneous  rocks  are  supplied 
by  the  author,  who  acknowledges  his  indebtedness  to  Prof.  Boyd 
I^wkins  for  the  use  of  his  geological  map  and  notes. 


11.-^ April  22,  1891.— Dr.  A.  Geikie,  F.R.S.,  President,  in  the 
Chair. — ^The  following  communications  were  read : — 

1.  '<  Results  of  an  Examination  of  the  Crystalline  Eocks  of  the 
Lizard  District"  By  Professor  T.  G.  Bonney,  D.Sc,  LL.D.,  F.R.S., 
Y.P.G.8.,  and  Major-General  C.  A.  McMahon,  F.G.S. 

llie  authors,  in  company  with  the  Rev.  E.  Hill,  spent  a  con- 
siderable part  of  last  August  in  examining  anew  those  sections  in 
the  Lizard  district  which  had  any  bearing  upon  the  questions  raised 
since  the  publication  of  Professor  Bonney 's  second  paper  in  1883. 
They  had  also  the  advantage  of  occasional  conference  with  Mr.  Teall 
and  Mr.  Fox,  whose  valuable  contributions  to  the  knowledge  of  the 
crystalline  rooks  of  the  district  are  well  known. 

That  the  Lizard  serpentines  are  altered  peridotites  may  be  regarded 
as  settled,'  but  doubts  have  been  expressed  as  to  their  relation  to 
other  associated  rocks,  and  as  to  the  meaning  of  a  streaky  or  banded 
structure  exhibited  by  certain  varieties. 
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The  authors,  after  re- examination  of  a  large  number  of  sectioni^ 
feel  no  doubt  of  the  accuracy  of  their  original  view  that  the  peridotito 
was  intruded  into  the  hornblende  schists  and  banded  "  granolitic " 
rocks,  after  these  had  assumed  their  present  condition.  In  it  they 
find  no  signs  of  any  marked  pressure-metamorphism,  either  prior  or 
posterior  to  serpentinization.  They  have  failed  to  connect  th« 
streaky  or  banded  structure  with  any  foliation  or  possible  pressure* 
structure  in  the  schists,  and  they  can  only  explain  it  as  a  kind  of 
fluxion-structure,  viz.  as  due  to  an  imperfect  blending  of  two  magmas 
of  slightly  different  chemical  composition,  anterior  to  the  orystal* 
lization  of  the  mass. 

The  Porthalla  sections  have  been  examined  with  especial  care,  not 
only  because  the  serpentine  is  nowhere  so  conspicuously  banded,  bat 
also  because  its  intrusive  chai^acter  has  been  denied,  both  it  and  the 
hornblende  schists  being  ascribed  to  the  alteration  of  a  series  of 
sedimentary  rocks  of  suitable  composition.  For  this  view  the 
authors  have  failed  to  discover  any  evidence,  and  consider  it 
contrary  to  stratigraphical  and  petrographical  facts. 

In  regard  to  the  genesis  of  the  crystalline  schists,  whicb  for  pur- 
poses of  reference  were  divided  by  Prof.  Bonney  into  a  **  granulitic,** 
a  "  hornblendic,"  and  a  "  micaceous  "  group,  the  authors  show  that  in 
parts  of  the  first  the  more  acid  rock  breaks  through  the  more  basio^ 
as  if  intrusive,  in  others  they  appear  to  be  perfectly  interstratified, 
the  one  passing  backwards  and  forwards,  though  rapidly,  into  the 
other.  But  between  these  extremes,  intervals  can  be  found  where 
the  two  rocks  seem  as  if  partially  drawn  out  together.  The  authors 
are  agreed  that  certainly  one,  probably  both,  of  these  rocks  are 
igneous,  that  when  the  basic  rock  was  solid  enough  to  be  ruptured, 
the  acid  magma  broke  into  it,  and  sometimes  softened  it  sufficiently 
to  allow  of  the  two  flowing  for  some  little  distance  together,  after 
which  crystallization  took  place.  In  regard  to  the  hornblende  schists, 
the  authors  are  not  yet  satisfied  that  either  fluxion  or  mechanical 
crushing  will  account  for  every  structure  which  they  have  examined, 
and  prefer  to  leave  the  question,  in  certain  cases,  an  open  one.  The 
most  distinctive  features  of  the  micaceous  group  appear  due  to  sub- 
sequent earth -movements,  so  that,  though  it  exhibits  some  special 
characteristics,  the  authors  are  doubtful  whether  it  is  any  longer 
worth  while  separating  it  from  the  hornblende  schists. 

Of  the  igneous  rocks  newer  than  the  serpentine,  the  gabbro  has 
received  the  closest  attention.  It  exhibits  in  places  (especially  in 
the  great  dyke-like  mass  as  Carrick  Luz)  a  very  remarkable  foliation 
or  even  mineral  banding,  which  has  been  claimed  as  a  result  of 
dynamo-metamorphism.  The  authors  bring  forward  a  number  of 
instances  to  establish  the  following  conclusions : — (a)  That  this 
foliation  occurs  most  markedly  where  the  adjacent  serpentine  does 
not  show  the  slightest  sign  of  mechanical  disturbance ;  (b)  that  it 
must  be  a  structure  anterior  to  the  consolidation  of  the  rock  ;  (c)  that 
it  sets  in  and  out  in  a  very  irregular  manner ;  (d)  that  wben  it  was 
produced  the  rock  was  probably  not  a  perfect  fluid.  Henoe  they 
explain  it  also  as  a  kind  of  fluxion  structure,  produced  by  diJSerentiid 
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morements  in  a  mass  which  consisted  of  crystals  of  felspar  and 
pyroxene,  floating  thickly  in  a  more  or  less  visooas  magma. 

The  authors*  investigations  tend  to  prove  that  (a)  structures 
eorioasly  simulative  of  stratification  may  be  produced  in  fairly 
coarsely  crystalline  rocks  by  fluzional  movements  anterior  to  crys- 
tallization ;  and  that  (&)  structures  which  of  late  years  have  been 
claimed  as  the  result  of  dynamo-metamorphism  subsequent  to  con- 
solidation must  have,  in  many  cases,  a  like  explanation.  This  is 
probably  the  true  explanation  of  a  large  number  of  banded  gneisses 
which  show  no  signs  of  crushing  and  holocrystalline,  but  in  their 
more  minute  structures  differ  from  normal  igneous  rocks. 

The  authors  have  seen  nothing  which  has  been  favourable  to 
the  idea  that  pi^ssure  has  raised  the  temperature  of  solid  rocks 
BuflSciently  to  soften  them. 

2.  **0n  a  Spherulitic  and  Perlitic  Obsidian  from  Pilas,  Jalisco, 
Mexico."     By  Frank  Rutley.  Esq.,  F.G.S. 

The  specimen  described  is  a  leek-green  rock  with  waxy  lustre. 
The  sequence  of  the  structures  developed  in  it  is  made  out  to  be  as 
follows  : — First,  the  development  of  fluxion-banding ;  next,  the 
formation  of  spherulites ;  and  then  the  setting  up  of  a  perlifio 
Btructure,  the  fissures  of  which  were  finally  sealed  by  the  intro- 
daotion  of  chalcedonic  matter. 

A  wavy  transverse  banding  in  the  spherulites  is  apparently  due 
to  a  temporary  check  which 'the  fluxion-bands  have  exerted  on  the 
development  of  the  crystalline  bundles  of  the  spherulites.  In  one 
case  a  spherulite  has  been  developed  prior  to  the  formation  of  a 
similar  but  larger  one  which  encloses  it.  Some  of  the  spherulites 
envelope  small  crystals  of  triclinic  felspar. 

The  author  considers  it  very  probable  that  the  obsidian  has  been 
subjected  to  hydrothermal  agency  since  its  solidification,  and  sub- 
sequent to  the  development  of  its  perlitic  structure,  and  gives 
reasons  for  this  view. 

III.— May  6,  1891.— Dr.  A.  Geikie,  F.R.S.,  President,  in  the 
Chair. — The  following  communications  were  read  : — 

1.  "  On  a  RhaBtic  Section,  at  Pylle  Hill  or  Totter  Down,  Bristol." 
By  B.  Wilson,  Esq.,  F.G.S. 

In  a  deep  rail  way -cutting  at  Fylle  Hill,  the  Rheetic  beds,  having  a 
thickness  of  not  more  than  seventeen  feet,  are  exposed  between  the 
Tea- Green  Marls  and  the  Lower  Lias.  There  is  no  doubt  as  to  the 
division  between  the  liheetic  and  Eeuper  beds  in  this  section,  but 
the  line  of  demarcation  between  the  RhsBtio  and  the  Lias  has  always 
been  a  matter  of  uncertainty  in  the  West  of  England.  In  con- 
nection with  this  subject  the  term  ''  White  Lias,"  as  applied  to  beds 
some  of  which  are  Rheetic  and  others  Liassic,  is  held  to  be  unsatis- 
factory. The  author  takes  a  limestone  which  is  the  equivalent  of 
the  Gotham  Marble  as  the  highest  Rhsetic  bed  in  the  section 
described.  He  divides  the  Rhsetic  beds  of  the  cutting  into  an 
Upper-Rhsetic  Series  and  Avicula-coniorta  Shales.  The  intimate 
connexion  betwixt  the  Tea-Green  Marls  and  the  Red  Marls  of  the 
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Upper  Reaper  is  well  displayed,  whilst  there  is  a  sharp  line  of 
demarcation  between  the  former  and  the  Ameulacontorta  Shales. 
Host  of  the  charaoteristic  fossils  of  the  British  RhsBtic  are  met  with 
at  Pylle  Hill,  together  with  a  few  forms  which  are  new  to  England, 
and  some  of  these  possibly  new  to  science. 

A  detailed  section  of  the  subdivisions  of  the  BhsBtic  and  adjacent 
beds,  and  a  list  of  Bhsstic  fossils  found  in  the  section,  are  given  by 
the  author. 

2.  "  A  Microscopic  Study  of  the  Inferior  Oolite  of  the  Cotteswold 
Hills,  including  the  Residues  insoluble  in  Hydrochloric  Acid."  By 
Edward  Wethered,  Esq.,  F.G.S.,  F.CS.,  F.R.M.S. 

The  author  gives  the  following  main  divisions  of  the  Inferior 
Oolite  of  the  Cotteswold  Hills  in  descending  order : 
Ragstones. 
Upper  Freestones. 
Oolitic  Marl. 
Lower  Freestones. 
Pea  Grit. 
Transition  beds  resting  on  Upper  Lias. 

The  strata  are  described,  and  the  results  of  microscopic  examination 
of  the  different  beds  given.  These  latter  confirm  the  author's 
views  as  to  the  important  part  which  Qirvanellm  have  taken  in  the 
formation  of  oolitic  granules ;  whilst  an  examination  of  the  borings 
referred  to  by  Prof.  Judd  in  the  discussion  of  Mr.  Strahan's  paper 
"  On  a  Phosphatic  Chalk  "  convinces  the  author  that  these  have  no 
connexion  with  the  genus  QirvaneUa. 

In  the  second  part  of  the  paper  the  insoluble  residues  left  afber 
treating  the  various  deposits  with  acid  are  considered.  They  oontain 
chiefly  detrital  quartz,  felspars,  zircons,  tourmaline,  chips  of  garnet, 
and  occasionally  rutile.  In  the  argillaceous  beds  silicate  of  alumina 
was  found  to  occur  plentifully.  The  detrital  material  is  considered 
to  be  due  to  denudation  of  crystalline  felspathic  rocks,  and  not  of 
stratified  ones.  This  view  seems  to  be  supported  by  the  qoantity 
of  felspar  and  its  good  state  of  preservation. 

The  paper  concludes  with  a  consideration  of  the  quantity  of 
residue  and  the  size  of  the  quartz-grains  in  the  different  deposits, 
which  are  summarized  in  the  following  table : — 

Ragstones 2*8  -17 

Upper  Freestones 1*1  '12 

Oolitic  Marl 8*2  -09 

Lower  Freestones 1*8  -13 

Pea-Grit  Series    50  -14 

Transition  Beds    38*3  '13 

This  shows  a  great  falling  off  in  the  percentage  of  residue  above 
the  Transition  Beds.  That  of  the  Freestones  is  remarkably  low, 
and  it  would  appear  that  these  rocks  were  formed  under  conditions 
which  allowed  of  very  little  sediment  being  deposited. 

ERRATUM.— In  the  May  Number,  p.  240,  last  line  but  one  of  first  paragraph, 
for  **  Metamorphic  "  read  "Metatropic." 
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ELEVATION  OF  AMERICA  IN  THE  TEETIARY  PERIODS. 

SiK, — I  notice  in  recent  nambers  of  the  Qsologioal  Magazine 
that  Mr.  Upham  has  been  discussing  his  views  on  the  elevation  of 
the  Gulf  of  Mexico,  etc.  It  seems  a  pity  that  gentlemen,  who 
desire  to  launch  such  startling  hypotheses,  should  not  devote  more 
time  to  settling  the  facts  upon  which  these  hypotheses  are  based, 
before  promulgating  their  new  views.  As  the  statements  made  by 
Mr.  Upham  may  by  many  be  taken  as  properly  verified,  and  more 
confusion  be  thereby  occasioned,  permit  me  to  call  attention  to  a  few 
facts  which  have  been  verified. 

1.  The  late  Dr.  Maack  when  on  the  isthmus  of  Darien  did  not 
collect  any  Pleistocene  fossils  from  the  summit  of  the  Atrato  divide 
763  feet  above  the  sea.  2.  The  Pleistocene  fossils  collected  by  Dr. 
Maack  were  from  an  elevation  of  only  150  feet  on  the  Panama  side, 
ten  miles  from  Panama  city.  The  fossils  above  this  height  collected 
by  Dr.  Maack  are  Eocene  or  Miocene  exclusively,  and  related  to 
the  Miocene  fauna  of  Santo  Domingo,  as  indeed  was  pointed  out  by 
Gabb  nearly  twenty  years  ago  (Proc.  Am.  Phil.  Soc.  vol.  xii.  p.  672). 
3.  The  summit  or  dividing  ridge  is  not  fossiliferous,  and  is  probably 
not  later  than  the  Mesozoic  epoch. 

I  may  add,  from  information  to  be  shortly  published,  that  the 
supposed  great  elevation  of  Florida  at  any  time  since  the  later 
Eocene  is  as  improbable  as  any  hypothesis  which  could  well  be 
conceived.  The.  conclusions  which  the  facts  necessitate  in  the  case 
of  Florida  may  be  briefly  outlined  as  follows: — During  the  later 
Eocene,  west  central  Florida  was  an  island,  like  one  of  the  Bahamas 
at  present,  composed  exclusively  of  organic  marine  sediments  which 
in  the  Vicksburg  epoch  attained  an  unbroken  thickness  of  more  than 
1000  feet  The  whole  submarine  plateau  above  which  the  present 
Florida  rises  may  turn  out  to  be  of  this  age  and  constitution.  This 
island  had  a  land-shell  fauna  derived  from  the  south.  The  strait 
between  the  island  and  the  main  coast  north  of  it  was  more  than 
fifty  miles  wide  at  the  narrowest  point,  and  was  only  closed  at  the 
beginning  of  the  Pliocene.  There  have  been  gentle  changes  of 
level  since  the  Eocene,  but  nothing  violent,  and  the  vertical  range 
has  been  small.  The  Eocene  and  the  old  Miocene  faunas  were  of  a 
subtropical  character  like  the  Antillean  fauna  at  present  A  change 
took  place  in  Mid-Miocene  by  which  a  cool,  temperate,  or  colder 
water  fauna  invaded  the  Floridian  region  from  the  north,  and  about 
200  feet  of  strata  (Chesapeake  Group)  were  deposited ;  equivalent 
to  the  well-known  Miocene  beds  of  Virginia  and  Maryland.  With 
the  elevation  which  connected  the  Floridian  islands  with  the  con- 
tinent a  warmer  era  was  again  inaugurated  in  the  sea,  and  an 
invasion  of  Pliocene  Vertebrates  began,  on  the  Peninsula  of  Florida. 

There  were  unquestionably  great  changes  of  level  on  the  con- 
tinent, increasing  as  one  goes  northward,  both  in  Miocene  and 
Pleistocene  times.  In  the  Antilles  it  has  been  proved  that  great 
changes  have  taken  place.  But  the  Floridian  region,  for  some 
unknown  reason,  escaped,  and  Yucatan,  probably,  also. 
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I  have  been  Tpaking  a  special  study  of  Floridian  Geology  for 
some  years,  and  hope  to  publish  a  considerable  amount  of  new 
information  on  that  subject  during  the  coming  summer. 

Smithsonian  Inbtitution,  U.S.  National  Museum,         tit__   tt  pi.tt 
Washington,  April  16,  1891.  YYM.  n.  l^ALL. 

THE  GEOLOGY  OF  THE  SALT  RANGE  OF  THE  PANJAB. 

Sib, — In  the  latest  number  (part  i.  vol.  xxiv.)  of  the  Eeoords  of 
the  Geological  Survey  of  India  there  is  an  interesting  paper  by 
Mr.  C.  S.  Middlemiss  on  the  Geology  of  the  Salt  Bange  of  the 
Panjab.  Admirable  sections  are  given  illustrating  two  points  until 
recently  in  dispute,  the  positions  of  the  Conulana  Bed  and  of  the 
Obolus  Shales ;  and  a  very  bold  beginning  is  made  of  a  fresh 
discussion,  regarding  the  age  and  mode  of  origin  of  the  Salt  Marl 
and  its  minerals,  advocating  peculiar  eruptive  conditions  connected 
with  a  piimitive  and  hitherto  undisturbed  subterranean  magma. 
Until  Mr.  Middlemiss  developes  his  position,  it  would  be  premature 
to  comment  thereon ;  I  will  only  ask  leave  to  correct  two  personal 
errors  in  the  paper.  On  p.  25  a  quotation  is  made  from  my  paper 
on  the  geology  of  the  Panjab,  published  in  the  Provincial  Gazetteer, 
whereby  I  am  made  to  appear  as  executing  an  erroneous  reversal 
of  opinion  upon  a  disputed  unconformity  in  the  Salt  Hange.  Mr. 
Middlemiss  must  have  overlooked  the  note  at  the  beginning  of  the 
section  on  the  Salt  Hange,  stating  that  "this  sketch  is  by  Mr. 
Wynne.**  I  did  not  alter  a  word  of  it.  So  the  passage  in  question 
is  a  repetition  by  Mr.  Wynne  of  a  view  against  which  I  had  remon- 
strated in  vain.  The  other  point  is  on  p.  20,  where  I  am  represented 
as  "  not  entirely  agreeing  **  with  the  erroneous  view  of  the  Conularia 
horizon.  It  refers  to  a  short  paper  in  which  I  had  endeavoured  to 
soften  a  somewhat  acrimonious  dispute  by  an  impartial  summary  of 
the  evidence;  but  there  can  be  no  doubt  as  to  which  side  my 
own  opinion  leaned.  I  even  suggested  the  conclusion  which  Mr. 
Middlemiss  now  presents  as  established :  regarding  the  "  pebbles " 
with  Conularia  I  asked — ''  Is  it  not  more  plausible  to  suppose  that 
they  were  washed  into  the  gravel  bed  from  some  contemporaneous 
(Palaeozoic)  pool  deposit  close  by?'*  (Records,  voL  xix.  p.  133). 

Clipton,  29<A  ApHl,  1891.  H.  B.  Mkdlicott. 

OBIa?T^J^JE^■2■. 

Wb  regret  to  record  the  death  of  Professor  Joseph  Leidy,  the 
distinguished  American  physiologist  and  palseontologist  The 
deceased,  who  was  in  his  sixty -eighth  year,  was  Professor  of 
Anatomy  in  the  University  of  Pennsylvania,  and  of  Natural  History 
in  Swarthmore  College.  He  was  also  President  of  the  Academy 
of  Natural  Sciences  of  Philadelphia,  Director  of  the  Department  of 
Biology  in  the  University,  and  a  Foreign  Member  of  the  Geological 
Society  of  London.  His  more  important  contributions  to  scientific 
literature  were,  "Tlie  Extinct  Mammalian  Fauna  of  Dakota  and 
Nebraska,'*  and  "Freshwater  Bhizopods  of  North  America."  He 
also  wrote  an  elementary  treatise  on  human  anatomy. — Standard, 
Friday,  Ist  May,  1891. 
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1— Note  on  a  neablt  pekfkot  Skeleton  of  Ichtetosaurus 

TB2SV1B03TRIS  FROM  THE  LOWEB  LIA8  OF  StBEET,  S0MEB8BT. 

By  B.  Ltdekxbr,  B.A.,  F.G.S.,  F.Z.S.,  etc 
(PLATE  IX.) 

SOME  ten  years  ago  Mr.  Alfred  Gillett  observed  in  a  quarry  of 
the  Lower  Lias  near  his  residenoe  at  Overleigh,  Street,  Somer- 
set, a  number  of  broken  slabs  of  shaly  limestone,  containing  por- 
tions of  the  skeleton  of  an  Ichthyosaur.  These  slabs,  which  had 
been  cast  aside  by  the  workmen,  were  fitted  together  by  Mr.  Gillett, 
who  finally  succeeded,  after  the  expenditure  of  great  pains,  in  skil« 
fiiUy  developing  from  them  an  almost  entire  example  of  the  skeleton 
d  IchhyosawruB  tenuirostris,  Conybeare. 

With  his  usual  liberality  Mr.  Gillett  presented  this  remarkably 
beaatiful  specimen  to  the  Geological  Department  of  the  British 
Uaseum  (Natural  History)  in  1884,  where  it  is  now  exhibited  on 
the  east  wall  of  Gallery  No.  XI,  forming  one  of  the  most  striking 
objeots  in  the  fine  series  of  Reptilian  remains  from  the  English  Lias.^ 
The  gift  of  this  specimen  to  the  Museum  was  particularly  oppor- 
tune, since  the  collection,  although  rich  in  some  of  the  otber  species 
of  the  genus,  was  previously  but  poorly  supplied  with  examples  of 
lehikyosaurw  tenuirostris ;  and  is  even  now  widely  distanced  in  this 
respect  hy  the  Dublin  Museum  of  Science  and  Art'  Mr.  Gillett's 
specimen,  of  which  we  give  a  figure  in  Plate  IX.,  although  by  no 
means  a  large  example  of  the  species,  is  one  of  the  best  preserved 
skeletons  that  have  ever  come  under  our  notice.  The  animal  lies 
on  its  ventral  surface,  with  the  back  exposed  and  the  limbs  sym- 
metrically expanded  on  either  side;  and  it  is  largely  due  to  the 
symmetrical  position  in  which  it  has  been  preserved  that  the  beauty 
and  apparently  unusual  perfection  of  the  specimen  are  due.  Almost 
the  only  damage  that  the  skeleton  has  sustained  consists  of  some 
crashing  of  the  skull,  and  the  loss  of  a  few  of  the  tail  vertebrse,  and 
of  some  of  the  small  bones  of  the  paddles. 

The  fortunate  rescue  of  this  interesting  specimen  by  Mr.  Gillett 
affords  a  good  instance  of  the  value  of  local  observers  in  preserving 
rare  fossils  which  would  be  otherwise  totally  lost 

We  may  remind  our  readers  that  the  species  before  us  is  not  a 
typical  representative  of   the  genus  Ichthyosaurus,  of  which  the 

^  The  spedmen  is  referred  to  in  the  Museum  Catalogue  of  Fossil  Beptiles,  pt.  2, 
p.84,No.  B.498(18S9). 
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normal  forms  are  J.  eommunis  and  J.  intermedius.  In  those  species 
the  front  paddles  are  characterized  by  their  great  width,  and  the 
large  number  of  longitudinal  rows  of  ossicles  entering  into  their 
composition.  In  the  group  represented  by  J.  tenuirostris,  on  the 
other  hand,  the  paddles  are  much  narrower  and  longer,  and  have 
fewer  rows  of  ossicles.  Thus,  as  is  well  shown  in  our  figure,  the 
third  digit,  or  the  one  taking  origin  from  the  intermedium  of  the 
carpus,  consists  of  only  a  single  row  of  ossicles ;  and  there  are 
usually  only  four  rows  of  these  ossicles  in  the  entire  limb,  against 
seven  or  eight  in  the  typical  groups.  Moreover,  the  radius — the 
bone  lying  immediately  below  the  humerus  on  the  front  side  of  the 
limb — is  a  nearly  square  bone,  with  a  notch  on  its  front  border; 
whereas  in  the  typical  group  it  is  much  wider  and  longer,  and  has 
no  such  notch. 

All  these  characters  indicate  that  the  group  represented  by 
J.  tenuirostris  is  much  less  specialized  than  the  typical  one,  and 
thereby  less  widely  differentiated  from  more  ordinary  reptiles. 
Indeed,  so  different  is  the  structure  of  the  paddles  in  I.  tenuirostris 
and  I.  eommuniSf  that  if  we  had  these  alone  to  deal  with  there 
oould  be  but  little  hesitation  in  regarding  the  former  as  the  repre- 
sentative of  a  distinct  genus.  Unfortunately  (or  perhaps  our  purely 
geological  readers  would  prefer  to  say  fortunately),  however,  there 
are  certain  intermediate  forms  which  render  it  much  more  difficult 
to  define  such  genera ;  so  that  for  the  present  at  least  our  species  may 
rest  in  the  genus  to  which  it  was  referred  by  its  original  describer. 

The  specific  characters  of  the  present  species  are  to  be  found  in 
its  long  and  slender  rostrum,  narrow  fiuted  teeth,  and  the  presence  of 
a  notch  on  the  hinder  border  of  the  coracoid.  Specimens  in  the 
British  Museum  with  the  rostrum  still  more  elongated  than  ordinary 
were  separated  by  Sir  R.  Owen  as  I.  longirosiris,  but  these  proved  to 
be  identical  with  the  earlier  J.  lati/rons  of  Eonig.  The  magnificent 
series  of  specimens  from  the  Lower  Lias  of  £arrow-on-Soar  in  the 
Dublin  Museum  indicates,  however,  that  these  variations  are  not  of 
specific  value,  so  that  all  these  forms  should  apparently  be  referred 
to  I.  tenuirostris. 

We  may  conclude  this  notice  by  calling  attention  to  a  point  where 
the  British  Museum  Catalogue  is  in  error.  It  appears  from  the 
recent  researches  of  Dr.  E.  Fraas  that  the  type  of  I.  aeutirostriSf 
Owen,  has  smooth  carinated  teeth,  like  those  of  I.  platyodon,  so 
that  this  species  should  be  transferred  to  the  Platyodont  group, 
which  it  has  been  proposed  to  raise  to  generic  rank  as  Temnodonto- 
saurus.  This  leaves  the  name  I.  quadriscissus  as  the  one  best 
applicable  to  the  other  specimens  catalogued  as  I.  acutirostris. 
Moreover,  Dr.  Fraas  considers  that  I.  zetlandieus,  Seeley,  is  identical 
with  quadriscissus;  and  we  are  disposed  to  doubt  the  right  of 
separating  I.  longirostris,  Jager  {non  Owen)  from  the  same.  Finally, 
we  observe  with  satisfaction  that  Dr.  Fraas  is  disposed  to  consider 
the  American  Bop^ano Jon  as  inseparable  from  OpMhalvMsaurus  of  the 
English  Oxford  and  Kimeridge  Clays,  of  which  such  a  fine  series 
has  recently  been  acquired  by  the  British  Museum. 
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'  n.— The  Psbohed  Blocks  of  Nobbeb  Bbow  and  theib  Levels 

BELATIVE  TO  THEIB  PlAOE   OF   ObIGIN. 

Bj  T.  Mblla&d  Rxadb,  G.E.,  F.O.S.,  F.R.I.B.A. 

IN  a  recent  excursion  the  Liverpool  Geological  Society  visited 
Norber  Brow,  near  Aostwiok,  to  inspect  the  celebrated  perched 
blocks  of  Silurian  rock  lying  upon  the  Carboniferous  limestone 
plateau.  The  visit  was  made  in  very  appropriate  weather  during 
a  Btorm  of  hail  which  added  a  weird  element  to  the  scene  and 
heightened  by  contrast  the  blackness  of  the  Silurian  blocks.  Since 
returning  home  I  have  re-read  Prof.  McKenny  Hughes'  interesting 
paper  on  the  subject,^  and  find  that  generally  speaking  my  notes 
and  measurements  are  in  accord  with  his.  The  angularity  of  the 
perched  blocks,  so  different  to  the  rounded  and  striated  erratics 
of  the  Boulder  Clay  Plains  of  Lancashire  and  Cheshire,  and  the 
absence  of  Boulder  Clay,  is  very  striking,  and  inevitably  suggests 
their  transportal  by  glacier  ice  probably  at  the  last  phase  of  the 
glacial  period. 

I         It  has,  I  believe,  been  generally  taken  for  granted  that  these 
blocks  are  higher  than  their  origin,  and  have  been,  as  stated  by 
Prof.  Hughes,  pushed  up  hill  from  the  north.'    Being  specially 
interested  in  this  question,  which  was  raised  on  the  spot  by  our 
excellent  guide  Dr.  Bicketts,  four  of  our  party,  after  descending  into 
I      the  valley,  climbed  up  the  western  side  and  traversed  it  northwards 
towards  Crummaok.     The  first  object  that  attracted  attention  was 
I      a  magnificent  glaciated  surface  or  rocke  moutonnde  of  Silurian  rock 
I      on  our  left  ascending  the  slope  to  the  west  transversely  to  the  direc- 
I      tion  of  the  valley.     On  the  right  at  about  the  level  of  the  perched 
I      block  on  Norber  Brow  figured  in  Prof.  Hughes's  paper  (p.  630), 
which  I  shall  refer  to  as  Perched  Block  No.  1,  and  which  we  took 
I      for  our  datum  level,  was  what  may  be  fitly  described  as  a  mason's 
I      yard  of  black  angular  Silurian  blocks,  as  large  or  larger  than  those 
I      on  Norber  Brow.     The  bed  rock  was   Silurian  also  and   further 
northward  up  the  valley  appeared  to  be  much  glaciated.   Continuing 
our  ascent  we  reached  the  junction  of  the  Silurian  with  the  Car- 
boniferous Limestone,  and  following  the  contour  northward  came 
upon  a  jutting  crag  of  Silurian  from  which  several  huge  blocks  had 
separated  at  the  joint  planes  a  distance  of  a  foot  or  two.     These 
hlocks  had  a  slight  cant  down  hill,  and  were  just  in  a  condition  and 
position  for  transportal  had  the  valley  been  filled  with  glacier  ice. 
The  upper  surface  of  the  crag  appeared  to  be  rounded.     The  rock 
evidently  breaks  up  naturally  into  cuboidal  masses.     Here  then  was 
probably  the  origin  of  the  blocks  of  Norber   Brow,  as  according  to 
the  aneroid  observations  made  by  me  and  checked  by  Mr.  Ashton 
Hill,  C.E.,  this  Crag  is  266  feet  above  Perched  Block  No.  1  on 
Norber  Brow.     The  highest  point  of  the  Silurians  we  tried  by 
aneroid  was  296  feet  above  the  same  datum.     It  is  evident  that  the 
movement  of  the  blocks  towards  Norber  Brow  was  in  accordance 

*  On   Bome  Perched  Blocks   and  Associated  Phenomena,  QJ.G.S.  vol.  xlii. 
pp.  627-638  (1886).  »  QJ.G.S.  yoI.  xlii.  pp.  631  and  638. 
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with  the  laws  of  gravity  and  downhill.  A  glacier  filling  the  Cram- 
mack  Valley  would  move  soathward  and  the  hlocks  in  qneBtion 
clinging  to  the  west  side  of  the  valley  might  be  stranded  where  they 
are  found  on  Norber  Brow.  There  is  no  doubt  that  the  pedestaLs 
and  platforms  on  which  most  of  them  stand,  and  which  vary  from 
one  to  two  feet  in  height,  are  due  to  the  wasting  away  of  the  sur- 
rounding limestone  rock  as  pointed  out  by  Prof.  Hughes  and  Mr. 
Mackintosh,  but  I  quite  agree  with  Prof.  Hughes  that  more  data 
than  are  at  present  available  would  be  required  before  any  reliable 
estimate  of  the  time  that  has  elapsed  since  the  close  of  the  Glacial 
Period  could  be  worked  out 

These  remarks  are  not  intended  to  apply  to  the  Silurian  blocks 
above  Settle,  which  Phillips  states  are  200  feet  above  any  similar 
rocks  in  the  district  in  situ}  As  we  did  not  see  them  or  test  their 
levels,  any  remarks  of  mine  would  be  superfluous* 

IlL — The  Lowsb  Cretaceous  Series  of  the  Vale  of  Wabdour. 
By  A.  J.  Jukbs-Brownb,  F.G.S.,  and  Rev.  W.  E.  And&bws,  F.G.S. 

IT  has  long  been  known  that  certain  deposits  of  Lower  Cretaoeoos 
age  lay  between  the  Gault  and  the  Purbeck  group  in  the  Yale 
of  Wardour,  but  the  absence  of  any  good  open  sections,  alon^  the 
tracts  where  they  reach  the  surface,  has  hitherto  prevented  geologists 
from  ascertaining  the  exact  nature  and  succession  of  the  beds. 

Dr.  Fitton,  whose  account  of  the  Vale  of  Wardour  is  wonderfully 
good  and  accurate,  distinctly  recognized  the  existence  both  of 
Wealden  and  Vectian  (Lower  Oreensand),  stating  that  certain  sands, 
containing  traces  of  marine  shells,  occurred  beneath  the  Gaolt  and 
above  the  clays  which  he  regarded  as  Wealden. 

Mr.  Bristow,  however,  when  surveying  the  district  in  1851  to 
1853,  does  not  seem  to  have  obtained  any  evidence  for  the  separa- 
tion of  the  sands,  and  considered  it  safer  to  colour  all  the  sands 
and  clays  below  the  Oault  as  Wealden  until  clear  evidence  of  their 
marine  origin  could  be  obtained.  Hence  no  Lower  Greenaand  is 
indicated  on  the  Geological  Survey  Map. 

During  last  year  we  jointly  resurveyed  a  portion  of  the  ground 
on  the  six  inch  maps,  and  were  able  to  obtain  evidence  that  proved 
Fitton's  view  to  be  correct,  and  goes  far  towards  completing  our 
knowledge  of  the  succession  in  this  district 

This  preliminary  notice  is  printed  by  permission  of  the  Director- 
General  of  the  Geological  Survey.  Early  in  1890  a  well  was  sunk 
at  Dinton,  which  gave  us  important  information  regarding  the  beds 
immediately  beneath  the  Gault  The  following  is  an  abstract 
account  of  the  section  thus  obtained. 

Feet. 

G  LLT  (  ^®^^^''''»  brown,  and  blue  clay  (with  fossils)     214 

\  Sandy  rock  with  a  layer  of  small  pebbles  at  tbe  base  (fossils)  14|^ 
/  Brown,  grey,  and  yellow  sands,  with  lumps  and  layers  of 

y             \         ferruginous  sandstone 26^ 

VECTIAN  <  Ljgjj^.  g^gy  gandy  clay,  becoming  darker  and  passing  down 

\         into  stiff  black  clay    7 

^  Bivers  and  Mountains  of  Yorkshire,  1855,  p.  111. 
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One  of  tbe  fermginoiu  layers  in  the  sands  bas  yielded  a  fairly 
good  specimen  of  Exogyra  sinuata,  which  is  one  of  the  most 
obaracteristic  fossils  of  the  Vectian  group. 

In  this  well  the  base  of  the  group  is  evidently  not  reached,  but 
most  fortunately  it  is  completed  by  a  brook  section  at  Teffont,  which 
begins  in  a  black  clay  exactly  like  that  found  at  the  bottom  of  the 
well.  This  black  clay  is  about  six  feet  thick,  and  passes  down  into 
a  nearly  black  sand  which  has  a  green  streak  when  cut,  and  consists 
mainly  of  dark-green  grains  of  glauconite. 

Underneath  this  sand  are  mottled  days,  which  were  recognized 
by  Mr.  Whitaker  as  similar  to  the  "  catsbrain  "  clays  of  the  Weald, 
—their  tints  are  yellow  and  white,  mottled  here  and  there  with 
a  rich  claret-coloured  stain,  which  imparts  a  special  character  to  the 
day.  Below  are  yellow  loamy  clays.  We  consider  these  to  be  of 
Wealden  age,  and  the  dark  sand  to  be  the  base  of  the  Vectian ;  but 
as  the  section  is  not  clear,  and  this  sand  has  not  yet  been  found 
elsewhere,  we  cannot  say  whether  the  sand  is  conformable  to  the 
clays  or  not. 

The  maximum  thickness  of  the  Vectian  appears  to  be  about  forty 
feet,  and  the  yellowish-green  sands  which  underlie  the  pebbly  base 
of  the  Glault  can  be  traced  westward  for  several  miles  both  along 
tbe  southern  and  the  northern  sides  of  the  Vale,  overlapping  the 
Wealden  and  the  several  divisions  of  the  Purbeck  beds,  and 
gradually  thinning  out. 

The  thickness  of  the  Wealden  clays  is  difficult  to  estimate,  because 
exposures  are  so  few  and  the  slopes  are  so  gentle ;  but  there  can 
bardly  be  more  than  40  or  45  feet  at  the  east  end  of  the  vale, 
and  they  thin  out  rapidly  towards  the  west,  not  extending  far 
beyond  Teffont  on  the  north  side,  nor  far  beyond  Sutton  Bow  on 
the  south  side. 

Eastward  the  Wealden  occupies  a  certain  width  of  flat  gi*ound 
which  merges  into  the  alluvium  east  of  Dinton  Station.  At  the 
cottages  north  of  the  station  a  well  was  sunk  for  about  forty  feet 
through  yellow-grey  and  brown  clays.  We  were  informed  that 
there  was  a  perfect  succession  of  clays  without  any  sudden  change 
or  any  pebbly  bed,  but  that  at  the  bottom  there  was  a  floor  of  very 
hard  sandstone.  The  accuracy  of  this  information  we  proved  by 
having  the  well  emptied,  and  the  bottom  tested  with  a  punch.  A 
piece  of  this  sandstone  was  given  to  one  of  us  by  the  well-sinker, 
and  is  a  hard  grey  calcareous  grit  with  Cypridea  pvnctata.  The 
material  thrown  out  of  the  well  also  yielded  Oyprides,  Palndina 
cariniferaf  and  Unios.  We  believe  these  clays  to  be  of  Upper 
Purbeck  age,  for  the  lower  part  of  them,  with  a  band  of  calcareous 
grit,  exactly  like  that  in  the  well,  can  be  seen  in  the  first  cutting 
west  of  the  station,  and  they  are  succeeded  by  a  set  of  clays,  marls, 
and  thin  limestones,  which  have  a  much  greater  resemblance  to  the 
Purbeck  beds  than  to  the  Wealden. 

When  the  railway  was  made  there  must  have  been  an  excellent 
section  of  these  beds  and  the  upper  part  of  the  Middle  Purbecks  in 
the  two  cuttings  west  of  Dinton  Station ;  now  they  are  so  over- 
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grown  that  it  is  veiy  difficult  to  make  out  the  relations  of  the  strata, 
for  they  are  certainly  flexured  and  perhaps  faulted.  We  feel  sure, 
however,  that  the  heds  in  the  first  cutting  are  higher  than  those  in 
the  second,  and  we  hope  in  a  future  paper  to  publish  the  evidence 
on  which  we  base  onr  conclusions.  If  our  reading  is  oorreot,  there 
is  a  well-developed  Upper  Purbeck  series  in  the  Vale  of  Wardour, 
with  a  thickness  of  70  or  80  feet ;  and  this  is  succeeded  by  repre* 
sentatives  of  the  Wealden  and  Vectian  series,  which,  however,  are 
poorly  developed  and  taken  together  are  less  than  100  feet  thick. 


ly. — ^Ths  Eeobnt  and  Rapid  Elevation  of  ths  Himalatas. 
By  HsNBT  H.  HowoBTH,  Esq.,  M.P.,  etc. 

IN  the  last  Number  of  the  Geological  Magazine  my  friend  Mr. 
W.  T.  Blanford  takes  exception  in  very  courteous  terms  to 
the  views  I  have  maintained  in  regard  to  the  recent  elevation  of  the 
Highlands  of  Eastern  Asia.  I  cannot,  however,  quite  grasp  how 
far  he  agrees  or  disagrees  with  me.  He  does  not  apparently  question 
the  evidence  which  has  so  impressed  experienced  observers  like 
Humboldt,  Murchison,  Tschihatchefif,  Cotta,  and  Senkofski  in  regard 
to  the  absence  of  traces  of  widespread  glacial  phenomena  in  the 
high  mountains  of  the  Ural,  the  Altai,  and  the  Thian  Shan  ranges, 
and  which  apart  from  all  considerations  seems  to  me  inexplicable  on 
any  other  theory  than  that  these  mountains  did  not  exist  during  the 
so-called  Glacial  Period. 

Mr.  Blanford  limits  his  criticism  to  the  Indian  evidence ;  but  even 
here  I  do  not  quite  understand  what  is  the  exact  position  he  main* 
tains.  In  the  Manual  of  Indian  Geology,  that  splendid  encyclopsedm 
of  facts  on  whose  title-page  his  name  occurs  with  that  of  Mr. 
Medlicott,  it  is  stated  over  and  over  again  that  traces  of  glaciation 
are  nowhere  present  in  peninsular  India.  In  the  same  "  Manual '' 
it  is  argued  that  the  so-called  glacial  phenomena  which  have  been 
said  to  occur  in  the  Punjaub  and  other  parts  of  the  Plains  are 
to  be  otherwise  explained,  and  I  believe  I  am  right  in  attributing 
to  Mr.  Blanford  the  view  that  the  old  glaciers  of  the  Himalayas 
never  protruded  into  the  plains. 

This  limits  the  problem  therefore  to  the  Himalayas  themselves. 
Mr,  Blanford  objects  to  Mr.  Campbell's  very  emphatic  evidence 
because  he  had  never  penetrated  into  the  inner  valleys,  and  only 
spoke  of  the  outskirts  where  the  valleys  open  out  lliis  is  true ; 
nor  does  Mr.  Campbell  claim  to  have  done  more  than  deduce  his 
conclusions  from  what  he  saw.  He  was  a  very  keen  observer,  he 
had  seen  glacial  phenomena  in  all  parts  of  the  world,  he  went 
specially  to  study  glacial  phenomena  on  the  spot,  and  his  descriptions 
of  what  he  saw,  which  are  very  minute  and  graphic,  seem  to  me  to 
be  most  conclusive  that  the  lower  parts  of  the  Himalayan  valleys 
show  no  traces  of  glaciation. 

But  I  did  not  quote  Mr.  Campbell  only.  (General  McMahon,  who 
has  studied  and  written  much  on  the  Himalayas,  and  published  his 
observations  in  the  Records  of  the  Indian  Geological  Survey,  is  just 
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as  emphatic  as  Mr.  Campbell.  Lastly,  it  is  true  I  have  not  myself 
been  there,  but  I  have  seen  many  photographs,  and  many  drawings, 
and  notably  the  magnificent  drawings  of  the  Himalayan  scenery  by 
Colonel  Trotter,  which  show  the  contour  and  structure  of  the  valleys 
80  admirably.  These  were  exhibited  only  a  few  days  ago  at  the 
6e<^raphical  Society,  and  I  was  struck,  as  other  people  were,  by 
the  angular,  sharp,  crisp  outlines  of  the  rocks  and  the  absence  of  the 
peculiar  curves  that  denote  glacier  action,  and  this  not  merely  on 
the  watersheds,  but  in  the  valleys  themselves.  The  drawings,  be  it 
remarked,  repreMated  nearly  the  whole  length  of  the  chain. 

I  must  not  be  misunderstood.  I  did  not  say  in  my  paper  that 
there  are  not  traces  of  the  glaciers  having  once  extended  further. 
I  said  very  plainly  indeed  that  there  are  such  traces.  Sir  J.  Hooker 
and  Mr.  Blanford  proved  this  long  ago.  The  Himalaya  glaciers 
seem  to  me  like  glaciers  in  other  parts  to  have  shrunk  considerably. 
What  I  do  maintain  is  that  these  traces  are  only  found  when  we  have 
mounted  the  valleys  several  thousand  feet,  and  that  they  are  quite 
incommensurate  in  size  and  importance  with  the  vast  glacial  dihrtB 
and  phenomena  which  should  be  found  on  the  flanks  and  in  the 
neighbourhood  of  these  gigantic  mountain  buttresses  if  during  the  so- 
called  glacial  age  they  had  formed  the  feature  in  the  landscape  which 
tiiey  do  now.  As  gathering  ground  for  ice  at  a  time  when  Central 
Asia  was  occupied  by  water  instead  of  being  an  arid  plain,  they  are 
incomparably  great,  when  contrasted  with  the  Dovre  Fjelds  which  shed 
their  dibris  as  far  as  the  Carpathians,  Central  Russia,  and  Norfolk ; 
or  the  Alps  whose  dihrtB  occurs  down  the  Bhone  valley  as  far  as 
Lyons,  and  if  they  had  existed  in  the  so-called  Glacial  age  we  ought 
to  find  the  great  Indian  plain  strewn  widely  with  unmistakable 
dtbris^  instead  of  having  to  painfully  search  for  it  until  we  reach 
a  height  of  7000  or  8000  feet  I  must,  therefore,  claim  Mr. 
Blanford  as  supporting  my  conclusion  rather  than  criticizing  it. 
In  regard  to  the  main  question,  an  important  witness  is  Mr.  Blanford 
himself.  Let  me  quote  testimony  for  which  he  was  responsible 
when  he  was  in  the  very  thick  of  his  geological  labours  in  India, 
and  long  before  he  had  largely  forsaken  the  happy  hunting  grounds 
of  Geology  for  those  of  Zoology. 

On  page  Ivi  of  the  introduction  to  the  Manual  of  Indian  Geology, 
in  discussing  the  origin  of  the  Himalayas,  we  read,  *'  The  whole  of 
the  gigantic  forces,  to  which  the  contortion  and  folding  of  the 
Himalayas  and  the  other  extra  peninsular  mountains  are  due,  must 
have  been  exercised  in  the  interval  which  has  elapsed  since  Eocene 
times.  .  .  •  The  direction  of  the  Himalayan  ranges  is  clearly  due  to 
post-Eocene  disturbance.  It  will  be  shown,  in  the  chapters  relating 
to  sub- Himalayan  rocks,  that  the  movement  has  been  distributed 
over  the  Tertiary  and  post-Tertiary  period ;  and  a  great  portion  of 
it  is  of  post' Pliocene  date.'*  Again,  *' As  it  is  certain  that  a  great 
portion  of  the  disturbances  affecting  the  Himalayan  strata  are  of 
Pliocene  or  post-Pliocene  date,  it  is  reasonable  to  conclude  that 
at  the  dose  of  the  Miocene  epoch  no  such  mountain  harrier  as  exists  at 
present  separated  the  Indian  peninsula  from  Central  Asia,    There  is 
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independent  evidence  in  favour  of  the  view  that  the  elevation  of 
the  Thibetan  plateau  is  of  post-Si walik  date ;  for  remains  of 
Bhinoceros  and  other  large  mammals  occur  at  an  elevation  of  15,000 
feet  in  Thibet,  and  it  is  not  probable  that  these  animals  lived  in  so 
elevated  a  region  '*  {id.  pp.  685  and  686). 

Here  is  assuredly  an  important  witness  in  support  of  the  views 
of  Falconer  and  of  Strachej,  behind  whose  broad  aegis  I  claim  to 
stand. 

In  conclusion,  there  are  two  statements  in  Mr.  Blanford*8 
communication  which  I  wish  to  traverse.  He  says  Mr.  Lydekker 
is  of  opinion  that  the  Ehinooeros  remains  from  the  Hioondes 
plateau  are  of  Pliocene  age.  Mr.  Lydekker  was  once  of  that  opinion, 
but  he  subsequently  withdrew  it,  and  has  printed  his  opinion  that 
he  now  holds  the  beds  in  which  they  occur  to  be  of  post-Tertiary  age. 

In  another  venture  Mr.  Blanford  says,  "That  if  I  had  had  an 
opportunity  of  seeing  what  is  perhaps  the  grandest  example  of 
subaerial  denudation  in  the  world,  I  should  be  as  little  inclined  as 
he  is  to  believe  that  such  gigantic  furrows  as  the  Himalayan  valleys 
can  have  been  ploughed  out  by  rain  and  rivers  since  the  fros^n 
Mammoths  were  imbedded  in  the  Siberian  tundras." 

My  answer  is  that  I  do  not  for  a  moment  believe  that  these 
furrows  were  ploughed  out  by  rain  and  rivers  at  all,  and  that  it 
seems  to  me  as  incredible  to  believe  that  the  splintered  precipitous 
and  sharp-edged  precipices  of  the  Himalayan  valleys  were  carved 
out  by  such  agencies  as  that  the  Matterhorn  or  the  pinnacles  of 
the  Sierra  Nevada  or  other  similar  objects  were  thus  shaped.  The 
theory  which  attributes  such  forms  to  this  kind  of  denuding  agency 
seems  to  me  absolutely  transcendental,  and  to  involve  a  reductio  ad 
ahsurdum  of  Uniformitarian  Geology. 

V. — On  Dynahio  Mbtamorphism.^ 
By  the  Rev.  A.  Ibyino,  fi.A.  and  D.Sc.  (Loud.),  F.G.S. 

IN  the  originally  epistolary  form  of  my  previous  communication  * 
on  this  subject  brevity  was  aimed  at  as  far  as  possible.  It  was 
written  at  the  time  the  letters  therein  referred  to  appeared,  and  my 
object  in  throwing  out  such  suggestions  as  I  have  ventured  to  make, 
was  to  call  the  attention  of  writers  on  petrological  subjects  to  the 
desirability  of  avoiding  a  certain  looseness  of  thought,  which  seemed 
to  attach  itself  not  infrequently  to  the  terms  'chemical  change '  and 
*  chemical  action.' 

Mr.  Fisher's  letter'  in  reply  thereto  is  in  reality  an  appeal  from 
the  creed  of  the  geologist,  not  to  chemistry,  but  to  the  creed  of  the 
chemist  I  am  certain  it  will  satisfy  no  one  who  has  made  a  real 
study  of  chemical  physics. 

The  instances  of  the  formation  of  CO  and  NO  which  have  been 
cited,  along  with  a  good  many  of  the  immense  number  of  **  parallel 

^  Written  in  Janoair  la«t. 

»  See  Gbol.  Mao.  Dee.  III.  Vol.  VII.  pp.  562-^64. 

'  See  the  letters  of  Idr.  Fisher  and  Mr.  Harker  in  the  Gsolooical  Maoazikb 
for  January,  1891. 
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instanoes'*  (he.  ct^),  are  very  well  known  to  students  of 
chemistry ;  but  they  are  not  to  the  point.  There  is  the  error 
which  mistakes  the  algebraio  sum  of  the  results  of  a  chemical 
reaction  (as  expressed  in  thermal  units)  for  pure  chemical  com- 
bination, qud  entry  into  atomic  union.  I  thought  that  *  chemical 
combination'  was  a  phrase  sufficiently  guarded,  if  taken  in  its 
technical  and  literal  sense;  and  I  still  think  so.  All  that  Mr. 
Fisher's  '  authority '  has  urged,  and  a  good  deal  more,  was  before 
my  mind  when  I  penned  the  sentence:  ^'It  is  something  much 
more  complex  than  that"  (p.  563).^  Mr.  Fisher's  authority  thus 
takes  a  different  ground  altogether  from  mine,  when  he  enunciates 
the  doctrine  that  "many  chemical  changes  are  attended  with  the 
disappearance  of  heat"  Of  course  they  are.  Why,  every  case  of 
dissociation  (which  is  a  'chemical  change')  is  attended  with  the 
disappearance  of  heat  or  of  an  equivalent  amount  of  electrical  energy 
(in  electrolysis).  But  all  such  cases  will  at  once  be  seen  to  be 
rigidly  excluded  from  the  term  "  chemical  combination."  The  fact 
is  the  term  chemical  change,  as  illustrated  by  the  authority  who 
uses  it,  covers  the  whole  process  of  the  reaction  in  each  case;  it 
indades  the  antecedent  dissociation  (or  partial  dissociation),  bringing 
on  what  I  have  elsewhere  called  the  "  quasi-nascent  state," '  which 
mnst  precede  the  recombination  of  the  atoms  or  radicles  to  form 
new  molecules.  It  is  of  the  latter  only  that  I  speak  in  my  December 
letter ;  and  it  must  be  quite  obvious  that  pressure  is  antagdtiistic  to 
the  former.  We  may  put  it  thus : — If  6  =  the  amount  of  kinetio 
energy  manifested  (qud  heat)  as  the  result  of  a  reaction  of  two 
bodies  on  one  another ;  further,  if  we  take  x  =  the  amount  of  heat 
nsed  up  in  the  preliminary  dissociation  (or  partial  dissociation)  of 
the  antecedent  molecules ;  and  if  y  =  the  amount  of  heat  evolved 
in  the  recombination  of  the  atoms  thus  rendered  available ;  the  very 
simple  equation 

teems  to  me  to  cover  the  facts  of  the  case,  in  the  simplest  form  in 
which  the  problem  can  be  presented  to  us;  as  (e.g.)  in  the  com- 
bination of  two  volumes  of  hydrogen  and  one  volume  of  oxygen  to 
produce  steam.  And  if,  as  in  a  comparatively  small  number  of 
cases,  there  follows  a  secondary  dissociation  into  proximate  con- 
stituents different  from  those  which  formed  the  antecedents  of  the 
leaction,  calling  the  heat  expended  in  this  x\  we  get  the  equation 

0^y^(x  +  x'). 

All  that  Mr.  Fisher's  authority  has  contributed  then  to  the 
discussion  is  to  inform  us  that  in  the  cases  he  has  cited  (and  there 
^  plenty  of  others)  the  value  of  x  (or  in  some  cases  of  x  +  ^) 
exceeds  the  value  of  y,  in  which  case  $  is  negative,  and  the  phe- 
nomenon is  endothermie.     On  the  other  hand,  if  the  value  of  y 

^Those  who  wish  for  real  information  on  the  suhject  may  he  referred  to  Pattison* 
Wb  "Thermal  Chemistry**  (1885),  and  the  English  edition  of  Ostwald's 
•Outlines  of  General  Chemistry'*  (1890),  hoth  puhliahed  hy  Macmillan. 

See  Chemical  News,  Nos.  1402  and  1606,  '*  On  Dissociation  and  Contact  Aotion.'^ 
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exceeds  that  of  x  (or  a?  +  of),  0  is  positive^  and  the  phenomenon  is 
exothermic^  The  subsequent,  or  even  simultaneous  absorption  of 
heat  by  a  diluent  (such  as  nitrogen,  in  all  cases  of  bodies  burning 
in  air)  makes  no  difference,  for  this  belongs  to  the  distrihtUion  of  the 
heat,  and  makes  no  difference  in  the  quantity  of  heat  generated^ 
which  is  the  same  for  the  same  weight  of  the  same  materials  oon- 
oemed  in  the  same  reaction.' 

We  know,  for  instance,  that  heat  is  used  up  (endothermio)  in  the 
reaction  C  +  CO,  =  2G0,  for  the  simple  reason  that  more  heat  is 
required  to  effect  the  dissociation  CO,  =  CO  +  0,  than  is  evolved 
in  the  subsequent  combination  (molecule  for  molecule)  expressed  by 
the  equation  C  +  O  =  CO ;  and  we  are  pretty  sure  that  this  is  the 
true  explanation  of  the  observed  phenomena,  because  we  know  from 
independent  evidence  that  the  heat  of  combustion  of  C  into  CO  is 
less  than  one-half  of  that  of  the  combustion  of  the  same  amount  of 
carbon  in  the  reaction  CO  +  O  =  CO,.  These  facts  have  found 
their  way  for  years  past  into  such  well-known  text-books  of  chemis- 
try as  Williamson's  "Chemistry  for  Students"  (see  §  60,  2nd  ed.). 

Again,  in  the  case  of  NO  we  require  the  high  temperature  of  tba 
electrio  spark-dischai^  to  effect  the  antecedent  dissociation  of  the 
K,  and  O,  molecules  before  we  get  NO  formed  ;  bat  in  this  case  I 
am  not  at  all  sure  that  the  phenomenon  is  endothermio,  though  the 
rapid  distribution  of  the  heat  of  combination  may  deceive  us,  if  we 
lose  sigl^t  of  the  all-important  distinction  between  quantity  and 
intensity  of  heat  (absolute  tempetature).*  The  absence  of  explosive 
phenomena  proves  nothing  as  to  this  point.  All  this  and  a  good 
deal  more  of  like  import  has  been  discussed  by  myself  and  others  in 
published  papers  during  recent  years. 

The  question  raised  practically  resolves  itself  into  this:  Does 
pressure  promote  the  dissociation  of  previously  stable  molecules,  so 
as  to  render  the  intra-molecular  energy  of  their  atoms  available 
for  entry  into  new  combinations?  When  this  is  answered  in  the 
affirmative  on  the  strength  of  cogent  evidence,  I  will  gladly  admit 
the  *  storage  of  energy '  (qud  potential  energy  of  chemical  affinity) 
in  the  crust  of  the  Earth  as  the  result  of  mere  pressure.  The  latest 
grand  conception  of  Mendeleeff  as  to  the  nature  of  chemical  affinity 
points  however  exactly  in  the  opposite  direction. 

In  the  cases  of  change  of  volume  to  which  Mr.  Fisher's  authority 
refers,  I  suppose  diminution  of  volume  is  meant.  But  I  am  not 
sure  that  the  very  molecular  strain  involved  in  surface-tension  may 
not  in  these  cases  initiate  chemical  action  ;  and  a  suspicion  remains 
that  the  gases  of  the  supernatant  atmosphere  may  have  something 
to  do  with  it.  I  am  not,  however,  acquainted  with  the  details  of 
the  experiments  referred  to,  nor  do  I  think  that  for  purposes  of 
dynamical  geology  they  are  much  to  the  point. 

1  For  a  clear  exposition  of  these  principles  see  a  paper  by  Spencer  XJ.  Pickering, 
F.R.S.,  on  "Chemical  Action  and  the  Conservation  of  Eneriry,"  Naturt.  vol. 
xliii.  pp.  165-167. 

'  Very  well  illustrated  in  the  case  of  ammonia,  which  will  bazn  continnonsly  in 
pure  oxygen,  but  not  in  common  air. 

.>  See  my  «  Chem.  and  Phys.  Studies,  ete."  p.  64. 
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It  is  stated  that,  "  Whether  it  be  atomio  energy  or  not,  is  not  at 
present  known."  Does  this  mean  that  we  cannot  distinguish  between 
the  energy  of  translation  of  the  molecales  of  a  gas  or  the  energy  of 
cohesion  of  the  moleoules  of  a  solid,  and  the  intra-molecular  energy 
which  the  atoms  possess  per  se  ?  Is  it  meant  to  say  that  recent 
advances  in  chemical  physics  h^tve  not  led  to  the  recognition  of  the 
atom-temperatnre  within  the  molecnle  as  affecting  for  the  time  being 
the  stability  of  the  molecule  itself?  Does  it  mean  to  tell  us  that 
we  cannot,  in  the  light  of  a  host  of  known  facts,  draw  a  distinction 
between  those  molecular  moods  or  states  of  matter  which  we  call 
magnetic  and  electric,  and  that  interaction  between  the  atoms  which 
IB  concerned  in  building  np  those  molecules,  and  which  we  call 
chemical  affinity  ?  Or,  turning  to  his  own  chosen  examples,  can 
Mr.  Fisher's  authority  bring  forward  any  array  of  cogent  facts  to 
ahake  or  overthrow  the  doctrine  that  the  avidity  with  which  CO 
takes  up  oxygen  (whether  free  or  combined)  when  the  temperature 
18  raised,  and  that  most  characteristic  avidity  with  which  NO  takes 
np  Os  (at  ordinary  temperatures)  is  in  both  cases  due,  not  to  any  force 
resident  in  the  molecule  as  such,  but  to  the  unsaturated  valency  of 
the  C-atom  or  the  N-atom  respectively?  Intra-molecular  energy 
aeems  to  me  as  clearly  distinguishable  from  molecular  enei^,  as  the 
latter  is  from  "  ordinary  mechanical  or  molar  energy."  * 

Beverting  now  to  Mr.  Fisher's  original  paper  in  the  Gbologioal 
Maoazinb  (July,  1890),  I  think  I  can  follow  his  reasoning  pretty 
clearly,  until  on  p.  804  he  says:  ''We  must  now  inquire  into 
what  forms  of  energy  the  work  has  been  converted."  Here  there 
seems  to  me  some  confusion  of  thought.  '  Energy '  is  the  capacity 
for  doing  work ;  that  is,  for  producing  or  retarding  motion,  or  over- 
coming resistance  to  motion.  The  amount  of  energy  expended  is 
always  proportionate  to  the  work  done.  In  the  case  before  us  the 
energy  is  presented  in  the  meohanioal  form  of  preesure,  and  if  the 
lateral  pressure  is  the  result  of  the  original '  energy  of  position '  of 
another  portion  of  the  Earth's  crust,  the  actual  source  of  the  eneigy 
is  gravitation  acting  upon  the  mass  favourably  situated.  This  being 
in  part  resolved  into  lateral  thrust,  the  energy  of  that  thrust  is 
expended  in  doing  work  which  is  distributed  among  the  following 
terms : ' — 

1.  The  lifting  of  the  cover  (potential  energy  of  position)  ; 

2.  The  elevation  of  the  centre  of  gravity  of  the  deformed  mass, 
in  so  far  as  the  extension  of  the  mass  takes  place  upwards  (potential 
energy  of  position) ; 

3.  The  work  of  compression  (molecular  friction  generating  heat) ; 

4.  The  work  of  shearing,  bending,  and  fracture. 

Where  I  am  unable  to  follow  Mr.  Fisher's  reasoning  is  with 
reference  to  the  last  term,  which  is  surely  outside  the  others  altogether. 

'  Since  writing  this  paper  I  have  noticed  that  the  above  cases  with  some  others 
■re  discossed  in  a  very  suggestive  (though  scarcely  exhaustive)  manner  by  Professor 
laTeing  in  his  little  book  "  Chemical  jSquiUbriiim,  the  Aesult  of  Dissipation  of 
Energy"  (1886). 

*  Befemng  to  the  geometrical  construction  used  by  Mr.  Fisher  {he.  eit,). 
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All  that  he  considers  the  lesnlt  of  shearing  seems  to  me  the  direct 
result  of  the  lateral  pressure ;  shearing,  bending,  and  fracture  bein^ 
simply  concomitant  items  of  expenditure  of  the  energy  of  the  lateral 
pressure.  Shearing,  bending,  and  fracture  are  simply  work  done 
in  opposition  to  the  force  of  cohesion ;  the  force,  that  is  to  say,  which 
tends  to  maintain  the  molecules  of  a  solid  at  fixed  distances  and  ia 
fixed  relative  positions,  to  which  the  undeformed  mass  owed  such 
rigidity  as  it  possessed ;  and  this  important  factor  Mr.  Fisher  seems 
to  have  overlooked.  In  both  shearing  and  bending  we  must  also 
have  some  molecular  friction,  with  its  thermal  effect ;  but  it  is  not 
easy  to  see  how  even  this  applies  in  the  case  of  fracture,  which  is 
simply  the  work  of  overcoming  cohesion.  When  Mr.  Fisher  says 
'*  this  part  of  the  energy  is  not  convertible,  etc.,"  he  seems  to  me  to 
be  using  the  word  '  energy '  where  he  ought  to  use  the  term  *  work.* 
Herein  appears  to  lie  the  fallacy  of  the  whole  argument ;  and 
through  this,  as  through  a  loop-hole,  the  idea  of  chemical  action 
seems  to  insinuate  itself.^ 

Turning  now  to  Mr.  Barker's  letter,  the  first  thing  that  calls  for 
remark  is  the  "  direct  correlation  of  mechanical  work  and  chemical 
energy"  This  is  very  nicely  put ;  so  nicely  that  the  unwary  reader 
is  easily  led  off  the  scent  On  this  I  simply  ask  for  an  explanation 
of  the  word  'correlation.*  What  lies  hid  behind  that  rather  big 
word  is  the  gist  of  the  whole  question  we  are  trying  to  solve. 
Sorby  certainly  suggested  something  of  the  sort ;  but  we  must  have 
something  more  solid  than  suggestions,  as  a  basis  upon  which  to 
construct  sound  scientific  theory.  If  Dr.  Sorby  or  any  one  else  will 
show  how  we  can  step  by  step  follow  such  a  transformation  in 
harmony  with  what  some  of  us  know  from  years  of  thoughtful  and 
fairly  extensive  study  at  first-hand  of  the  facts  and  phenomena 
which  form  the  groundwork  of  chemical  theory,  some  real  advanoe 
will  be  made.  Until  this  is  done,  we  shall  have  to  regard  the  cited 
suggestion  as  no  more  than  a  gigantic  guess.  It  may  be  useful  in 
pointing  the  way  to  further  investigation ;  but  to  draw  deductions 
from  it,  as  if  it  were  a  well-established  induction,  is  altogether 
unscientific. 

Mr.  Harker  refers,  however,  to  experiments  of  Gailletet,  Pfaff, 
and  Spring,  as  affording  practical*  verification  of  the  suggestion  of 
Dr.  Sorby.  Unfortunately  this  rough  massing  together  of  experi- 
mental evidence  gives  us  a  result  of  such  a  neutral  character  as 
we  are  familiar  with  in  ordinary  laboratory-processes  of  alkalimetry* 
I  know  some  of  Cailletet's  splendid  work  very  well,  but  this  has 
hardly  any  bearing  upon  the  question  before  us.  If  Mr.  Harker 
refers  to  his  experiments  on  the  effect  of  pressure  upon  the  inter- 
action of  zinc  and  sulphuric  acid,  or  to  those  of  Ffaff  upon  the 

^  An  illustration  will  perhaps  make  this  dear.  "We  may  expend  a  definite  amount 
of  energy  furnished  either  by  the  muscles  of  a  hone  or  the  fuel  consumed  in  the  fire- 
place of  an  ennne  in  drawing  a  series  of  loaded  trucks  along  a  p^feetfy  horizontal 
line  of  rails.  Work  is  done  in  overcoming  the  friction  of  the  wheels  against  their 
axles  and  against  the  rails,  and  in  the  displacement  of  a  portion  of  the  atmosphere 
with  the  movement  of  the  train ;  but  would  any  one  contend  that  energy  was  stored 
up  in  thfr train? 
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interaction  of  hydrocbloric  aoid  and  oalcspar,  and  upon  the  oom- 
bination  of  water  with  dehydrated  calcinm  sulphate,  they  all  tell 
against  the  notion  of  pressure  helping  chemical  action.  Pfaff  draws 
this  general  conclusion  from  them :  '*  It  follows  quite  decisively 
from  these  experiments,  that  high  pressure  intercepts  chemicfid 
affinity,  when  for  its  activity  an  increase  of  volume  is  necessary."  ^ 
All  this  seems  to  have  been  clear  enough  to  Mr.  Harker  some  six 
years  ago,  when  he  wrote:'  "The  effect  of  increased  pressure  is 
to  facilitate  such  physical  and  chemical  changes  as  involve  con- 
traction of  volume  in  the  substances  acted  upon,  and  to  retard 
changes  which  are  accompanied  by  expansion."  If  he  will  furnish 
references  to  later  work  of  Pfaff  in  which  his  conclusion  cited  above 
is  superseded,  he  will  confer  a  favour  upon  all  who  are  interested 
in  this  fundamental  question  of  petrology. 

As  to  the  work  of  Dr.  W.  Spring,  assuming  that  the  alleged 
crystalline  copper  sulphide  was  proved  to  be  a  definitely  crystal- 
lized chemical  compound,  we  have  to  consider  whether  such  alleged 
combination  is  accompanied  by  increase  of  density.  We  may 
attack  the  question  I  think  fairly  in  this  way : — 

Assuming  the  following  constants : — 

AtVrt,  Sp.Gr. 

Metallic  copper     Gu  =  63-5     8-9 

Elementary  sulphur      ...       S  =  82        2-07 

and  dividing  each  at  wt  by  the  sp.  gr.,  multiplied  into  the  molecular 
weight  of  water,  we  have  for  our  present  purpose, 

63-5  -f-  (8-9     X  18)  =  -39  (vol.  ratio  of  Cu  atom) : 
32     -f-  (2-07  X  18)  =  -86  (vol.  ratio  of  S  atom). 
If  the  combination  were  merely  'additive,'  we  should  have  *d9+*86 
(=  1-25)  for  the  vol.  ratio  of  the  fundamental  Cu  S  molecule. 

Bat  the  sp.  gr.  of  Gu  S  (crystalline)  being  4*6,  we  get 
(63-6  +  82)  -^  (4-6  x  18)  =  1-14 
for  the  actual  vol.  ratio  of  the  same  molecule.     This  tells  us  plainly 
enough  that  the  union  of  atoms  is  accompanied  by  an  increaee  of 
dewtity. 

Mr.  Harker  is  careful  to  point  out  the  necessity  for  keeping  the 
apparatus  cool  in  the  experimental  work  of  Dr.  Spring,  as  cited  by 
him.  Where,  one  may  ask,  would  be  the  necessity  for  this,  if 
(I)  there  were  no  heat  generated  by  friction  during  compression ; 
(ii.)  the  process  of  chemical  combination  (as  alleged)  were  endo- 
thermic  ?  We  have  no  right  even  here  to  say  that  any  portion  of 
the  mechanical  energy  is  transformed  into  chemical  energy.  The 
chemical  energy  was  potentially  already  in  the  atoms  of  Gu  and  S 
respectively,  as  a  function  of  their  atomic  weights  (according  to 
one  of  the  latest  generalizations  of  chemical  science) ;  all  that  the 
pressure  did  in  the  experiment  in  question  was  to  coerce  them 

^  See  AUgem,  und  Chem.  GeoL  pp.  308-310:  ^'Es  geht  also  aus  diesen  Ver- 
nichen  ganz  entschieden  hervor,  dass  starker  Druck  die  chemiBche  Verwandtschaft 
dann  mfhebt^  wenn  zu  der  Entfaltang  ibrer  Wirksamkeit  eine  YolumTermehnrng 
Ciforderiich  ist" 

*  Brit.  Afisoc.  Beport,  Aberdeen  Meeting  (1885),  p.  846. 
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into  sach  intimate  contact  as  to  bring  them  wiOiin  (h^  fidd  of  its 
operation.^  This,  too,  seema  to  be  Spring's  own  interpretation  of 
the  resolts  obtained.* 

A  case,  the  exact  rcTerse  of  that  of  Cu  S,  has  been  established  by 
the  more  recent  work  of  Dr.  Spring  in  oonjanction  with  Van 't  Hoff.' 
The  substance  acted  upon  was  the  double  aoetate  of  copper  and  lime. 
The  fonnula  for  this  double  acetate  is  Cu(0,H,0,),+Ca(G,H,O,), 
•4-8HfO,  and  it  occurs  as  S-sided  prisms  of  the  quadratic  system. 
It  is  gradually  built  up  with  the  aid  of  moderate  external  heat  by 
adding  gradually  free  acetic  acid  to  a  warmed  mixture  of  equivalent 
proportions  of  neutral  acetate  of  copper  and  slaked  lime  in  water.^ 
The  process  is  a  complicated  one ;  but  it  is  not  reversible,  for  in  the 
experiment  referred  to  the  double  acetate  is  resolved  by  a  pressare 
of  7000  atmospheres  into  the  two  separate  acetates  of  copper  and 
lime  with  the  separation-out  of  some  of  the  water  of  constitution, 
the  same  change  in  fact  as  is  effected  by  heating  the  salt  above 
75°  0.  at  ordinary  atmospheric  pressure.  The  effect  of  pressure 
here  is  again  to  effect  a  transformation  which  is  accompanied  by 
loss  of  volume ;  tending  to  give  greater  closeness  to  the  atoms  until 
they  obtain  that  configuration  which  belongs  to  their  most  stable 
relation.  We  may  compare  it  with  the  action  of  heat  in  breaking 
up  the  molecules  of  ammonium  nitrate  te  such  an  extent  as  to  allow 
the  atoms  to  rearrange  themselves  (with  evolution  of  heat)  in  the 
more  stable  compounds  N,0  and  H|0.  The  fact  is  one  which,  taken 
along  with  the  case  of  Cn  S,  is  of  &r-reaching  significance,  bat 
cannot  be  followed  up  further  here.  So  far  as  it  goes,  it  lends 
support  to  a  '  diagenetic '  rather  than  to  an  <  epigenetic '  theory  of 
xnetamorph  ism.* 

Mr.  Harker  misrepresents  me,  when  he  suggests  that  I  have 
assumed  that  ''the  whole  of  the  work  done  in  the  compression, 
deformation,  and  friction  of  rocks  passes  into  heat"  I  have  never 
assumed  anything  so  nonsensical,  as  Mr.  Harker  may  see,  if  he  will 
do  me  the  favour  of  making  a  more  intimate  acquaintance  with  my 
little  work,  to  which  he  refers.  Neither  he  nor  I  was  dealing  with 
a  case  of  '  deformation,'  but  with  a  hypothetical  case  of  what  Heim 
calls  '  uberlastet,'  the  condition,  that  is  to  say,  of '  latent  plasticity  * 
antecedently  to  deformation,  where  the  burden  upon  the  deep-seated 
rook -mass  produces  hydrostatic  pressure  greater  than  the  internal 
resistance  to  deformation  which  the  cohesion  can  offer.     All  that 

^  ThiB  was  pointed  out  by  me  in  App.  ii.  note  D  of  my  original  tfaeeis  written  in 
1887  (see  "Chem.  and  PhvB.  Stadies,'^  etc.,  p.  108). 

2  See  "Am.  Joum.  Sci.*'  vol.  xxxv.  (1888)  p.  78,  and  vol.  xxxvi.  (1888J  p.  285, 
et  ieq.  I  am  much  obliged  to  General  MacMahon  for  furnishing  me  with  these 
references. 

*  See  "  ZeitBchrift  fiir  physik.  Chemie/'  i.  6,  cited  in  *  Nature,'  vol.  zxxvi.  p.  160. 

*  Wislicenus, "  Orgamsche  Ghemie,"  pp.  541,  642. 

^  From  certain  known  facts,  it  does  not  seem  at  all  improbable  that  such  complex 
syntheses  may  have  taken  place  extensively  in  the  early  stages  of  the  genesis  of 
rock-forming  minerals.  Among  them  I  have  suggested  (**  GheuL  and  Phys.  Studies," 
etc.,  App.  ii.  note  Q)  the  formation  of  minerals  of  the  spinel  type,  in  which  Al^Os 
plays  the  part  of  an  aeidj  the  alumina  being  set  free  with  subsequent  alteration  of 
physical  conditions,  to  cuter  into  new  relations  as  a  boie. 
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I  bave  maintained  ia  that  during  the  oompreaeion-stage  yon  must 
have  moleoolar  friction  (or  something  equivalent  thereto),  just  as, 
while  ornshing  is  going  on,  you  must  have  molar  friction  (if  the 
phrase  may  he  allowed) ;  and  in  both  cases  yon  must  get  some  of 
the  energy  expended  manifested  kinetically  as  heat  My  real 
contention  was,  that  the  intensity  of  such  heat  would  be  too  low  for 
it  to  he  of  any  practical  importance. 

To  sum  up,  I  must  confess  that  in  the  light  of  what  has  been 
adduced  in  this  paper,  I  see  no  reason  for  unsaying  or  qualifying 
anything  in  my  previous  letter*  (December,  1890),  though  I  am 
very  sorry  if  any  one's  susceptibilities  have  been  wounded.  It  waa 
quite  unnecessary  for  Mr.  Barker  to  offer  me  any  apology;  but 
I  am  a  little  surprised  that  he  should  not  have  read  what  was  put 
into  print  as  a  criticism  or  stricture  upon  his  own  most  valuable 
essay,  which  was  printed  in  the  Beport  of  the  Brit  Assoc,  in  1885. 

The  one  great  factor  of  mineral  change  at  depths  is  superheated 
ionter,^  the  existence  of  which  is  dependent  on  pressure.  This  both 
Mr.  Fiaher  and  Mr.  Barker  seem  to  have  overlooked.  But  the 
experiments  of  Daubree  and  others  go  to  show  that  its  action  is  in 
many  cases  in  the  direction  of  the  resolution  of  higher  and  more 
complex  compounds  into  simpler  and  denser  mineral  forms,  rather 
than  in  the  building-up  of  more  complex  out  of  simpler  compounds. 

[Since  this  paper  was  written  I  have  received  from  M,  Troutschoff 
of  St  Petersburg,  a  copy  of  his  interesting  paper  in  the  '*  Comptee 
Eendus,"  in  which  he  gives  an  account  of  his  method  of  preparing 
crystalline  quartz  from  a  dialysed  solution  of  silica  in  water  by 
prolonged  heating  in  hermetically-sealed  tubes ;  and  in  "  Nature," 
vol.  xliii.  p.  545,  the  somewhat  startling  announcement  appears 
of  his  successful  achievement  of  the  synthesis  of  hornblende,  by  a 
similar  method,  out  of  the  various  oxides  which  generally  enter 
into  the  composition  of  that  mineral.  These  were  obtained  partly 
as  dialysed  solutions,  partly  as  fresh-precipitated  hydrates,  and  mixed 
in  right  proportions  as  such.  Each  tube  before  sealing  up  was 
exhausted  by  a  Sprengel  pump,  so  that  probably  most  of  the  un- 
combined  water  was  drawn  away  as  vapour  along  with  the  air. 
The  sealed  tubes  were  heated  in  a  specially-constructed  sand-bath 
for  three  months  to  a  temperature  of  550^  C.  Under  these  con- 
ditions the  synthesis  of  hornblende  crystals  was  effected,  together 
with  some  pyroxene,  a  zeolite,  and  a  variety  of  orthoclase ;  and  it 
is  not  difficult  to  see  that  here  synthesis  of  the  denser  minerals  was 
facilitated  by  the  action  under  great  hydrostatic  pressure  of  the 
superheated  water  which  remained  in  the  tubes,  and  separated  out 
from  the  hydrated  materials  as  the  digestion  proceeded.  M.  Trout- 
schoff applied  in  fact  the  conditions  which  may  easily  be  conceived 
as  having  obtained  generally  in  the  genesis  of  the  heavier  minerals 
of  the  ArchsBan  schists.  See  my  work  {Ibid,  pp.  68,  footnote,  and 
91,  96,  96).] 

^  With  one  exception,  which  no  one  has  noticed.  When  I  said  <  shear-planes ' 
I  should  have  said  *  shear-  and  thrust- planes.' 

*  Compare  pp.  ie>16  of  my  **Chem.  and  Fhys.  Studies  in  the  Metamorphism 
of  Hocks"  ;  also  the  quotation  from  Plaff  in  App.  IL  Note  £.  The  work  of  Pfaff 
is  not  as  well  known  as  it  should  he  hy  English  geologists. 
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VI. — EUTILK  IN  FiBEOLAYS — BepLT  TO  MaJOB-GeNEBAI.  MaoMaHOK. 
By  W.  Mayjxjlbld  Hutchinob,  Esq. 

IN  the  June  Number  of  the  Qeolooigal  Magazine,  p. 259,  Major- 
General  MacMabon  deals  with  my  paper  on  fireclays,  etc.,  and 
raises,  with  much  fairness,  several  objections  to  some  of  my  inter- 
pretations and  inferences.  Some  of  the  criticisms  are  exactly  what 
I  should  expect  to  be  made,  and  were  more  or  less  present  in  my 
own  mind,  so  that  I  can  well  see  how  they  may  arise  in  the  minds 
of  others. 

General  MacMahon  appears  to  have  somewhat  overstated  my  views 
as  to  the  ''dynamic"  part  of  the  " Metamorphism "  in  question, 
owing  to  taking  all  I  say  as  equally  applying  to  slates  and  days, 
which  is  not  the  case.  Thus,  the  paragraphs  he  refers  to  on  p.  168 
will,  I  think,  plainly  show  that  I  distinguish  between  what  has 
taken  place  in  clays  and  allied  shales,  and  what  has  taken  place  in 
slates;  and  passages  in  my  previous  paper  make  this  still  more 
evident.  I  fully  hold  that  slates,  such  as  I  refer  to,  have  undergone 
metamorphism  of  very  "dynamic"  nature.  And  I  hold  that  the 
beginnings  of  the  same  thing  went  on  in  the  clays  and  shales,  but 
in  a  80  much  less  degree  that  I  think  General  McMahon  would  fully 
admit  it 

All  I  claim  for  the  clays  is  summed  up  in  the  sentence  at  bottom 
of  p.  316  (July  Number  of  last  year),  where  I  speak  of  "  the  joint 
action  of  pressure,  warmth,  and  mineral  solutions  "  as  the  probable 
condition  of  the  changes  I  believe  to  have  taken  place.  It  was  only, 
I  think,  in  replying  to  Dr.  Irving  that  I  used  the  word  "  dynamic  " 
at  all  in  connexion  with  the  clays  and  shales  of  the  Goal-measures. 
It  may  be  that  it  is  a  wrong  expression  in  that  combination. 

"  Dynamic  "  and  "  Metamorphic  "  are  dangerous  words,  perhaps, 
as  they  are  used  so  variously  by  those  we  look  to  for  light  and 
leading  that  we  hardly  know  how  to  use  them  safely  at  all. 

Such  changes  as  I  believe  to  have  taken  place  in  fireclays  would 
not,  I  assume,  be  brought  about  unless  the  chemical  action  had  been 
intensified  by  warmth  and  pressure.  That  they  have  been  under 
conditions  capable  of  producing  the  pressure  and  warmth  is  hardly 
to  be  doubted. 

What  are  we  to  call  the  effects  of  these  things,  as  distinguished 
from  any  ordinary  surface- weathering  due  to  simple  chemical  action  ? 
Would  " pressure-metamorphism "  be  allowed  to  include  them? 
Where  does  simple  chemical  action  end  and  "  metamorphism " 
begin  ? 

I  at  once  admit  what  Greneral  MacMahon  says  as  to  absence  of 
direct  chemical  evidence  for  my  views.  It  is,  very  unfortunately,  a 
fact  that  lack  of  chemical  work  is  felt  throughout  a  great  deal  of 
the  petrological  study  that  is  going  on.  We  have  many  workers 
with  the  microscope,  but  very  few  workers  with  the  balance. 

In  the  present  instance,  however,  the  nature  of  the  material  is 
such  that  I  do  not  think  the  most  devoted  analyst  oould  obtain  very 
much  solid  evidence. 

The  "pestle  and  mortar"  business  was  not  so  violent  as  General 
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VacMahon  seems  to  infer,  the  trituration  of  a  clay  ("  without 
grinding ")  partly  in  water,  being  a  gentle  operation.  But,  violent 
or  gentle,  I  fail  to  see  that  it  has  any  bearing  on  the  fact,  on  which 
streBB  18  laid,  that  after  separation  none  of  the  larger  flakes  of  mica 
contain  any  mtile  at  all;  nor  on  the  conclusion  which  this  fact 
enables  us  to  draw,  in  view  of  what  we  know  of  the  nature  of  the 
materials  forming  these  deposits,  that  the  rutile  was  not  brought  into 
the  sediments  in  the  mica,  as  such. 

As  regards  the  fact  that  the  mica  of  these  ''complex  flakes" 
containing  rutUe  is  orientated  in  all  directions,  I  do  not  look  upon 
it  as  of  much  importance  one  way  or  other.  General  MacMahon 
thinks  that  if  the  mica  is  secondary  the  "  molecules  of  mica  would, 
at  the  moment  of  crystallization,  surely  have  followed  the  laws  of 
crystallization  and  have  arranged  themselves  in  definite  order." 
This  is  simply  an  d  priori  supposition  as  to  what  ought  to  take  place, 
and  can  hardly  count  as  an  argument  As  a  matter  of  fact,  obser- 
Tation  of  mica  which  is  formed  as  a  seoondary  product  in  altering 
felspar,  either  in  crystals  of  felspar  or  in  fine  felspathio  ash-material, 
teems  to  show  that  no  such  definite  order  is  by  any  means  the  rule, 
hot  rather  in  most  cases  quite  the  reverse.  Such,  at  least,  is  my 
experience  with  materials  of  this  nature  of  which  I  am  just  now 
making  a  special  study. 

It  is  suggested  that  the  micaceous  ilmenite  may  be  the  source  of 
the  mtile.  I  do  not  think  examination  of  the  materials  could  lead 
anybody  to  this  view.  I  regard  this  mineral  as  secondary,  and 
derived  indirectly  from  the  same  source  as  the  rutile.  I  do  not 
know  that  the  transparent  and  translucent  micaceous  ilmenite  as  it 
occurs  in  these  clays,  etc.,  and  abundantly  in  some  slates,  has  ever 
been  regarded  as  anything  but  secondary,  nor  that  any  original  rook 
has  been  suggested  whence  it  could  be  derived  clastically. 

Finally,  while  admitting  the  full  force  of  some  of  General 
MacMahon's  criticisms,  I  venture  to  think  that  the  subject  should 
be  looked  at  and  judged  a  little  more  as  a  whole,  taking  in  what  I 
might  call  outside  matters  as  well  as  details  of  the  laboratory  and 
the  microscope. 

Broadly,  the  matter  stands  as  follows:  We  have  these  large 
and  extended  deposits  of  the  Coal-measures  all  apparently  similar  in 
nature,  derived  from  similar  sources.  All  the  evidence  obtainable 
goes  to  show  that  these  sources  were  granites  or  gneisses.  There  is 
not  any  evidence  of  any  sort  to  show  that  any  other  class  of  rocks 
was  concerned  in  supplying  the  sediment,  and  I  am  not  aware  that 
any  student  of  them,  in  the  field  or  in  the  laboratory,  has  ever  sug- 
gested another  origin  for  these  beds,  either  wholly  or  partially. 

A  portion  of  these  deposits,  the  clays,  contains  these  vast  numbers 
of  rutile-needles.  I  suggest  that  these  are  of  secondary  origin, 
formed  in  situ,  and  I  think  they  result  from  the  decomposition  of 
biotite-mica,  which  can  be  seen  to  have  formed  so  large  an  item  in 
the  original  sediment ;  because  biotite  when  tested  has  been  found 
to  contain  titanic  acid,  and  because  it  has  been  observed,  under  some 
conditions,  to  give  rise  to  rutile  during  its  decomposition. 

SBCADB  ni.— VOL.  Tin.— NO.  TU.  20 
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The  needles  of  the  fiieolays  may,  however,  be  aeoondaiy  and  yet 
not  be  derived  wholly  or  even  in  part  from  the  biotite.  Some  other 
mineral,  sphene  for  instance,  may  have  been  the  parent,  though,  as 
intimated  in  my  paper,  it  does  not  seem  so  likely. 

If  the  mtile  is  not  secondary,  it  must  have  been  bronght  in  with 
the  original  sediment.  I  consider  it  may  be  looked  on  as  shown 
that  it  was  not  contained  as  such  in  the  original  mica.  Whence 
did  it  come  ?  Can'  anybody  point  to  granites  or  gneisses  containing 
rutile-needles  in  the  abundance  required  for  these  extensive  deposits, 
and  containing  them,  moreover,  not  in  the  mica,  the  usual  way  in 
which  they  do  occur  when  seen  at  all?  If,  in  spite  of  all  the 
evidence  on  this  head,  it  is  assumed  that  some  other  rock  and  not 
granite  or  gneiss  was  the  source  of  these  deposits,  then  what  rock 
can  be  suggested  which  supplied  the  rutile  and  the  mica  ?  And  if 
it  be  supposed  that  this  other  rock  supplied  only  a  part  of  the  total 
materials,  but  all  the  rutile,  then  it  would  be  still  more  interesting 
to  have  that  rock  named.  It  is  easy  to  say  the  needles  came  from 
elsewhere ;  but  where  did  they  come  from? 

The  subject  of  the  origin  of  the  minerals  in  these  special  clays,  etc., 
is  of  much  interest,  because  it  may  throw  light  on  the  genesis  of 
slates  and  phyllites,  a  question  which  has  given  rise  to  much 
speculation  and  discussion  and  received  great  attention  from  some 
of  the  leaders  in  petrological  work.  It  is  a  somewhat  difficult 
subject  to  deal  with,  and  I  would  be  the  last  to  think  that  my  own 
suppositions  and  theories  are  in  any  way  proved  to  be  more  than 
attempts  at  an  explanation.  I  only  venture  to  hope  that  they  are 
not  quite  out  of  harmony  with  the  other  evidenoe,  which  seems 
so  strong,  as  to  the  original  nature  of  the  deposits;  and  to  think 
that  if  they  are  disputed,  if  the  secondary  nature  of  the  rntile  is 
denied,  some  other  definite  source  for  it  should  be  suggested,  which 
should  at  the  same  time  harmonize  with  the  other  facts  of  the  case. 

Nvwcastlb-on-Ttnb,  Juttey  1891. 


VIL— On  the  Bbitish  Eabthquakes  of  1889.^ 

By  Chablbb  Dayison,  M.A., 

Mathematical  Maater  at  Soog  Edward's  High  School,  Birmingham. 

{Continued  frwn  page  67.) 

2.  Lanoashibx  Eabthquake  :  Feb.  10,  1889. 

Time  of  occurrence,  22  h.  36  m. :  Intensity,  VI.    Bpicentmm  about 

two  miles  N.N.E.  of  Bolton,  half  a  mile  west  of  the  village  of 

Bradshaw. 

This  interesting  earthquake  affected  a  district  for  the  most  part 
thickly  populated,  and  the  accounts  of  it  are  consequently  numerous. 
In  the  newspapers  mentioned  below,  records  are  given  of  observations 
from  166  towns  and  villages,  situated  within  a  nearly  circular  area 
about  ^B  miles  in  diameter.     Considering  the  smallness  of  this  area, 

^  The  Map  \vill  appear  with  Part  III.  in  the  Angtist  Number  Gbol.  Mao* 
—Edit.  Oeol.  Mao. 
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I  stippoBe  that  bnt  few  previous  earthquakes  have  afforded  materials 
60  abaodant  for  the  seismologist. 

Accessory  Shook, — It  is  probable  that  at  least  ooe  slight  acoessory 
shock  oocarred  between  ten  and  twenty  minates  after  the  principal 
shock.  Near  Blackburn,  where  the  intensity  was  V.,  an  observer 
residing  at  Wilpshire  ''noticed  a  slight  recnrrenoe  of  the  phenomenon 
some  time  afterwards — about  twenty  minutes."  At  Prestwich,  the 
intensity  was  about,  or  perhaps  more  than,  IV.,  and  there  "  another 
bat  feebler  shook  took  place — perhaps  some  ten  minutes  afterwards." 
The  evidence  is  clearly  incomplete,  bnt  it  seems  most  probable  that 
both  accounts  refer  to  the  same  shock,  which,  owing  to  its  very 
slight  intensity,  escaped  detection  elsewhere. 

Diittarhed  Area. — As  in  the  previous  earthquake,  the  places  where 
the  principal  shock  was  undoubtedly  felt  are  indicated  by  small 
discs,  and  those  where  there  is  good  reason  for  believing  that  it  was 
not  felt  by  small  crosses  ( x ).  For  the  former,  I  have  relied  almost 
entirely  on  the  numerous  accounts  given  in  the  local  press ;  for  the 
Litter,  on  inquiries  made  in  the  district  with  the  view  of  determining 
the  exact  form  of  the  disturbed  area.  In  the  immediate  neigh* 
boarbood  of  the  boundary,  the  evidence  is  somewhat  scanty,  and 
ORpecially  is  this  the  case  near  Glossop  and  in  the  Peak  country. 
BaTing,  as  will  be  seen,  no  positive  evidence  f^om  the  latter  district, 
the  oatline  in  this  part  cannot  be  regarded  as  very  exact 

So  far  as  we  can  judge  from  the  materials  collected,  the  outline  of 
the  disturbed  area  seems  to  be  approximately  circular.  It  will  be 
seen,  from  the  table  of  intensities  given  below,  that  the  boundary 
corresponds  to  an  isoseismal  line  of  intensity  less  than  lY.  and 
greater  than  III.  Outside  this  area,  it  is  possible  that  the  shock 
may  have  been  felt,  and  probable  that  it  would  have  been  deteoted 
by  any  one  accustomed  to  the  observation  of  slight  earthquakes.  But 
that  it  could  have  been  felt  as  far  as  Birmingham,  as  one  observed 
states,  is  clearly  impossible,  first,  on  aooount  of  its  distance  from 
the  rest  of  the  disturbed  area,  and,  secondly,  because  it  was  not 
registered  by  one  of  Prof.  Swing's  delicate  seismographs  erected 
there  in  my  cellar. 

The  disturbed  area,  thus  defined,  is  56  miles  from  north  to  south, 
and  54  miles  from  east  to  west;  and  includes  an  area  of  about 
2480  square  miles. 

Time  of  Occurrence, — ^The  records  of  the  time  of  occurrence  can, 
unfortunately,  lay  claim  to  no  great  accuracy.  So  far  as  I  know, 
the  earthquake  was  restored  by  no  instrument  of  precision.  Ex* 
olading,  however,  all  estimates  that  are  admittedly  approximate,  we 
have  the  following  definite  records.  In  the  immediate  neighbour* 
hood  of  the  epioentrum,  where  the  intensity  was  not  less  than  VI., 
it  was  noticed  at  Bolton  at  22h.  35m. ;  at  Turton,  at  22h.  36^m. 
by  one  aooount,  and  22  h.  87  m.  by  another.  Outside  this  range 
and  within  the  isoseismal  of  intensity  V.,  we  have  the  records  of 
22h.  35m.  at  Famworth,  of  22 h.  37m.  at  Accrington,  of  22h.  38m. 
at  Bochdale,  Hey  wood,  Bury,  and  Prestwich ;  of  22  h.  40  m.  at 
Tyldesley  and  Wigan;  and,  lastly,  of  22  h.  25^  m.,  clearly  wrong  if 
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it  refer  to  tbe  same  shock,  at  Badcliffe.  Between  this  last  isoseismal 
and  the  boundary  of  the  disturbed  area,  the  following  times  are 
given:  22 h.  82 m.  at  Easholme,  22 h.  37 m.  at  Greenhalgh,  Preston 
and  Meltham  ;  22  h.  4dm.  at  Marbuiy  (near  North wioh),  and 
22  h.  45  m.  at  Waterhead  and  Heaton  Chapel. 

From  this  evidenoe,  I  have  indicated  22  h.  36  m.  as  the  probable 
time  of  occurrence  at  the  epicentrum.  If  the  average  surface- 
velocity  of  the  earth- wave  were  1200  feet  per  second,  the  shock 
could  be  felt  at  the  limits  of  the  disturbed  area  about  two  minutes 
later.  But  the  records  in  all  parts  of  the  area  are  too  discordant  to 
lead  to  results  of  any  value. 

Nature  of  the  Shock. — ^The  descriptions  I  possess  of  the  nature  of 
the  shock  are,  with  one  exception,  derived  entirely  from  newspapers, 
and  cannot  always  be  closely  trusted.  As  a  rule,  they  are  too  vague 
and  inexact  to  justify  detailed  quotation.  There  can  be  no  doubt, 
however,  that  the  character  of  the  shock,  especially  with  regard  to 
the  number  of  vibrations  felt,  was  subject  to  considerable  variation 
throughout  the  disturbed  area ;  but  this  we  should  be  led  to  expect 
h'om  Prof.  Milne's  seismic  survey  of  an  area  of  about  nine  acres  in 
Tokio.^  In  the  present  case,  it  is  possible  that  these  Tariations  may 
in  pai-t  be  attributable  to  the  form  and  position  of  the  seismio  focus. 

From  a  very  large  number  of  accounts,  I  select  the  following  as 
fairly  typical  of  the  different  effects  observed : — 

Bolton :  a  distinct  heavy  rumbling  for  a  few  seconds,  and,  mingled 
with  it,  a  sharp  thud  like  an  explosion. 

Bury :  a  rumbling  noise,  lasting  about  four  seconds,  and  then  a 
sort  of  heavy  thud,  as  of  some  enormous  weight  dropping  on  the 
floor,  causing  an  alarming  vibration  and  a  rattling  of  window- 
frames. 

Prestwich :  a  shock  as  of  a  heavy  falling  body,  which  caused  tbe 
windows  to  rattle  loudly ;  two  or  three  seconds  later,  a  second  thud- 
like shock  of  somewhat  greater  intensity  than  the  first;  foUowed 
by  gentle,  but  distinct  tremors,  lasting,  perhaps,  twenty  or  thirty 
seconds  more. 

Ohorley  :  a  noise  like  the  rumbling  of  heavy  waggons  on  a  stone 
pavement  was  suddenly  heard,  and,  along  with  it,  a  few  sharp  thuds 
were  felt,  accompanied  by  a  vibratory  motion  of  the  earth. 

Bowdon :  a  sudden  jar  was  felt,  like  that  produced  by  a  heavy 
body  falling,  or  by  the  slamming  of  a  heavy  door ;  then  the  floor 
vibrated  three  times  distinctly ;  and  this  was  followed  after  a  few 
seconds  by  another  slight  vibration,  a  double  one. 

Bolton  and  Bury,  it  will  be  seen,  are  close  to  the  epicentrum  of 
the  earthquake,  and,  at  both  these  places,  a  single  thud,  or  prominent 
vibration,  was  felt  It  follows,  then,  that  the  double  or  multiple 
vibrations  observed  in  other  parts  of  the  district  cannot  have  been 
due  to  a  recurrence  of  the  shock  near  the  same  spot  as  the  first ;  and 
it  seems  almost  impossible  to  suppose  that  they  were  produced  by 
repetitions  of  the  initial  disturbance  in  different  parts  of  the  area. 
We  must  conclude,  therefore,  that  the  nature  of  the  shock  varied 
1  Japan  Seism.  Soc.  Trans,  vol.  z.  pp.  1--86, 


Digitized  by  VjOOQIC 


C.  Davison— British  Earthquakes  of  1889.  809 

witB  tbe  positioa  of  the  plaoe  of  observation  relatively  to  that  of 
tbe  seismio  focus,  or  with  the  geological  stracture  of  the  surrounding 
oonntry. 

Now,  a  single  vibration  was  felt  at:  (a)  Blaokbnm,  Bury, 
Meltham;  (b)  Bolton,  Hey  wood,  Ramsbottom,  Wigan ;  a  double 
Tibiation  at:  (a)  Longridge,  Prestwioh,  Rhodes;  (6)  Burnley, 
I«igh,  Marbury,  Nelson  ;  three  or  more  vibrations  at :  (a)  Chorley, 
Failaworth,  Hollinwood,  Middleton,  Stretford,  Whitefield;  and,  lastly, 
s  tremulous  or  oontinuons  vibration  at:  (a)  Bowdon,  Cromptoni 
Darwen,  Manchester,  Preston ;  (6)  Leftwich,  St.  Helens,  Tottington. 
The  direction  of  the  Irwell  fault  in  the  neighbourhood  of  the 
epioentrum  is  approximately  N.W.  and  S.E.,  and,  if  lines  be  drawn 
through  the  epicentrum  from  north  to  south  and  east  to  west,  they 
will  divide  the  disturbed  area  into  four  quarters,  so  that  places  on 
the  N.W.  and  S.E.  quarters  are  more  nearly  in  a  line  with 'the 
Irwell  fault  than  places  in  the  N.E.  and  S.W.  quarters.  Places  in 
the  former  pair  of  quarters  are  preceded  by  the  letter  (a)  in  the 
above  list,  and  places  in  the  latter  pair  by  the  letter  (6).  The  results 
may  thus  be  summarized : — 

a.  b.       TotaL 

Sinele  Tibnition    3    ...    4    ...      7 

Double  or  multiple  Yibrations     U    ...    7    ...    21 

In  the  majority  of  cases,  then,  double  or  multiple  vibrations  were 
felt  at  places  nearly  in  a  line  with  the  Irwell  fault  at  Bolton ;  and 
a  single  vibration  at  places  whose  directions  relatively  to  the 
epioentrum  are  nearly  at  right  angles  to  this  direction. 

On  the  vertical  component  of  the  motion,  very  few  observations 
seem  to  have  been  made.  The  movement  is  described  as  an  up- 
heaval simply,  at  Chorley,  Eccles,  Farn  worth,  Nelson,  Oldham, 
and  Wigan ;  but  it  is  not  stated  whether  the  upheaval  was  followed 
or  preceded  by  a  lowering,  or  even  whether  it  was  accompanied 
by  any  such  movement  in  a  contrary  direction  at  all.  These  places 
are  not  confined  to  any  particular  part  of  the  disturbed  area.  On 
the  other  hand,  at  the  following  places,  there  was  first  a  rise, 
followed  by  a  lowering  of  the  ground. 

Bamsbottom :  persons  felt  as  though  they  had  been  bodily  lifted 
up  and  dropped  quickly. 

Hey  wood:  the  sensation  was  that  of  a  sudden  lifting  of  the 
dwelling  and  of  as  sudden  a  sinking. 

Bury  :  persons  in  bed  felt  as  if  their  beds  were  raised  for  a  brief 
time  and  then  allowed  to  fall. 

Prestwioh:  a  jerk  np  and  down,  followed  by  a  trembling 
movement. 

These  four  places,  it  is  important  to  notice,  lie  on  the  north-east 
side  of  the  Irwell  faulty  and  at  only  a  few  miles  distance  from  its 
intersection  with  the  surface. 

Duration. — If,  as  I  believe,  the  earthquake  was  due  to  a  slip  of 
the  Irwell  fault  in  the  neighbourhood  of  Bolton,  and  if  that  slip 
was  confined,  not  to  a  point,  but  to  a  definite  area,  we  should  expect 
tbe  duration  of  the  shock,  as  well  as  its  nature,  to  vary  throughout 
the  disturbed  area.    The  duration  should  of  oourse  be  greatest  at 
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places  in  the  line  of  direction  of  tbe  fault,  and  shortest  at  ibat 
place  sitaated  so  that  a  line  joining  it  to  tbe  centre  of  tbe  seismic 
focus  is  perpendicular  to  tbe  fault-plane.  On  tbe  otber  hand,  the 
apparent  duration  depends  on  the  distance  of  the  place  of  obser- 
Tation  from  tbe  focus,  and,  what  is  far  more  important,  it  depends 
on  tbe  power  of  tbe  observer  to  detect  tbe  faint  initial  and  final 
tremors.  On  this  account,  chiefly,  1  think  it  is  not  possible  to 
discover  any  certain  law  in  the  distribution  of  places  according  to 
the  duration  of  the  shock  felt  there.  In  this  respect,  more  may 
be  learnt  from  the  duration  of  the  sounds. 
The  following  are  the  recorded  durations  of  the  shock : — 
About  15  seconds.    Famworth. 

,,        6        „         Blackburn,  Bolton. 

„        0        „         Crosby,  Heaton  Chapel,  Helling. 

„        4        „  Chorley. 

,,        3        „         Prestwich. 

„        2        „         Bacup,    Cheetham   Hill,     CrumpsaU,    Darwen,    Heltfaam, 
Preston,  Waterbead,  Whalley. 

„        1        „         Leftwicb,  Oldham,  Tyldesley. 

Intensity, — ^In  the  following  lists  are  given  the  names  of  the  places 
where  it  was  possible  to  determine  the  intensity  according  to  the 
Rossi-Forel  sc^le. 

Yl.  Bolton,  Ramsbottom,  Tottington. 

V.  or  VL  Bury,  Chesham,  Famworth. 

v.  Besses,  Blackburn,  Cborley,  Darwen,  Gk)lbome,  Hey  wood, 
Horwich,  Hulton  Park,  Ince,  Bocbdale,  Turton,  Whitefield,  Wigau. 

IV.  or  V.  Blackley,  Castleton,  Cheetham  Hill,  Crumpsall,  Har- 
purhey,  Littleborough,  Middleton,  Prestwich. 

IV.  Accrington,  Altrincbam,  Bolton-by-Bowland,  Bowdon,  Breigfat- 
met,  Cheetham,  Eccles,  Facit,  Heaton  Park,  Lees,  Leigh,  Leyland, 
Little  Hulton,  Manchester,  Milnrow,  Newhey,  Northwich,  Whit- 
worth,  Withington. 

III.  or  IV.  Crosby.  Melling,  Preston,  Whalley. 

III.  Meltbam,  Stockport,  Wardleworth. 

The  observations  are  not  sufficiently  numerous  to  enable  the 
isoseisroal  of  intensity  VI.  to  be  drawn.  All  tbe  places  where  the 
intensity  was  V.  lie,  however,  within  a  well-defined  curve  which  is 
shown  upon  tbe  map.  This  curve  is  approximately  circular.  Its 
dimensions  are  22  miles  from  north  to  south,  and  23  miles  from  east 
to  west  It  includes  an  area  of  about  396  square  miles.  Its  centre 
is  half  a  mile  west  of  the  village  of  Bradshaw  and  two  miles  N.N.E. 
of  Bolton. 

It  will  be  noticed  that,  at  several  places  within  this  curve,  the 
intensity  is  given  as  only  IV.  This  may  be  due  to  one  of  two 
causes.  (1)  The  intensity  may  really  have  been  more  than  IV., 
but  the  rattling  of  windows,  eta,  may  have  been  recorded  as  the 
most  noticeable  effect  of  the  shock ;  or  (2)  the  intensity  may  have 
been  different  at  two  neighbouring  places  within  this  isoseismal, 
this  being  only  what  we  should  be  led  to  infer  from  Prof.  Milne's 
seismic  survey  of  Tokio. 

Outside  this  isoseismal,  the  places  where  the  intensity  is  known, 
though  numerona,  are  scattered  ov^r  a  much  greater  area,  and  it  i* 
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iu)i  poesible  to  draw  with  any  accuracy  ihe  isoseismal  of  intensity 
lY.  As  some  of  these  places  are  not  very  distant  from  the  line 
which  I  have  indicated  on  the  map  as  the  boundary  of  the  disturbed 
area,  we  may  conclude  that  that  boundary  represents  an  isoseismal 
of  intensity  less  than  lY.,  but  yet  greater  than  III.  This  area,  as 
before  remarked,  is  nearly  circular,  and  it  is  almost  exactly 
oanoentric  with  the  isoseismal  of  intensity  Y. 

^otimi-PA^omena. — Records  of  sound -phenomena  come  from  49 
out  of  the  156  places  where  the  shock  is  known  to  have  been  felt. 
These  places  are  indicated  as  before  by  small  crosses  (+)  drawn 
through  the  spots  representing  them. 

Referring  to  the  map,  it  will  be  seen  that,  with  four  exceptions, 
all  the  places  where  sounds  are  said  to  have  been  heard  lie  within 
an  area  which  is  approximately  circular.  It  is  of  course  possible 
that,  outside  this  area,  the  sounds  might  have  been  beard  by 
observers  who  were  listening  attentively  or  who  happened  to  be 
more  sensitive  to  such  vibrations.  This  may  have  been  the  case 
in  the  four  exceptions  just  referred  to,  but  it  should  be  noted  that, 
at  each  of  these  places,  we  have  only  one  record  of  sound-phe- 
nomena, while  at  all  the  other  places  there  are  either  several 
independent  accounts,  or  else  the  description  is  so  clear  as  to  be 
quite  free  from  doubt  The  following  are  the  accounts  from  these 
four  places : — 

Bolton-by-Bowland :  a  rumbling  noise. 

Longridge  :  a  noise  as  of  a  sough  of  wind. 

Greenhalgh  :  an  underneath  rushing  rumbling  noise. 

Marbury :  a  dull  rumbling  noise. 

Whilst,  then,  the  characteristic  earthquake-sounds  may  have  been 
heard  outside  the  curve  marked  (by  a  dotted  line)  upon  the  map, 
I  believe  that  that  curve  includes  all  the  places  where  the  sounds 
were  distinctly  and  certainly  heard. 

Assuming  this  to  be  the  case,  two  facts  are  at  once  evident  from 
an  inspection  of  the  map. 

(1)  The  sounds  were  not  heard  so  far  as  the  vibrations  of  longer 
period  were  felt.  They  were  confined  to  a  nearly  circular  district, 
29  miles  in  diameter,  and  about  636  square  miles  in  area. 

(2)  The  sound-curve  is  not  concentric  with  the  two  isoseismal 
curves  drawn  upon  the  map.  At  its  northern  limit,  it  nearly 
touches  the  isoseismal  of  intensity  Y. ;  but,  at  the  other  end,  it 
passes  about  six  miles  to  the  south-west  of  this  line.  Its  centre  is 
about  3^  miles  S.S.E.  of  the  epioentrnm;  but  this  determination 
cannot  be  regarded  as  so  accurate  as  in  the  case  of  the  Edinburgh 
earthquake,  for  it  is  not  checked  by  a  knowledge  of  places  where 
the  sound  was  certainly  not  heard. 

This  second  conclusion — the  excentricity  of  the  sound-area — is 
also  borne  out  by  the  following  table.  The  earthquake-sounds  are 
recorded  as  having  been  heard : — 

Within  the  isoseiBmal  of  intensity  Y.  at  33  out  of  72  plaoee,  or  in  46  p.c.  of  the  whole. 
Between  this  isoeeiBmal  and  the  sound- 

cnrre  at       12     „      25  „         ^^  >f 

Between   the    sound-curve    and    the 

boundary  of  the  disturbed  area  at   4     „     41  „  10  „ 
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Throngbont  the  area  in  which  they  were  heard,  the  sounds  varied 
greatly  Iwth  in  nature  and  duration ;  and,  in  most  cases,  the  Yariation 
seemed  to  have  depended  on  the  position  of  the  place  of  observatioD. 
The  exact  duration  is  not  often  explicitly  stated.  It  is  given  at  about 
four  seconds  at  Bury,  four  or  five  -  seconds  at  Chorley,  about  two 
seconds  at  Bacup,  several  seconds  at  Altrincham,  and  a  few  seconds 
at  Bolton  and  Middleton.  Something  may,  however,  be  inferred 
from  the  numerous  accounts  that  have  been  given  of  the  phenomena 
The  following  descriptions  seem  to  indicate  that  the  sound  was 
more  or  less  sudden  and  transitory  : 

(a)  Cheetham  :  as  of  a  heavy  body  falling  in  the  street. 

Darwen :  (1)  closely  resembling  that  made  by  a  door  being 
violently  shut ;  (2)  like  the  fall  of  a  signal-post 
(6)  Accrington :  like  the  thud  caused  when  snow  falls  from  the  roof. 
St  Helens :  a  rumble  as  of  a  heavy  thud  on  the  gable  end  of 

the  house. 
Tyldesley :  as  if  some  heavy  weight  had  fallen  in  the  room 
below. 
In  the  next  group,  the  sounds  were  apparently  more  prolonged : 
(a)  Chorley :  like  the  rumbling  of   heavy  waggons    on   stone 
pavement 
Eccles:  there  was  a  noise  as  of  very  heavy  snow  sliding 
down  the  roof,  and  as  it  passed  the  S.S.W.  oonier  there  was 
a  sound  as  if  many  tons  of  snow  had  fallen  on  the  ground. 
Beaton  Chapel :  resembling  a  vehicle  in  the  street 
Leyland :  such  that  a  cabman  thought  his  horse  had  run  away. 
Lower   Broughton :    like  the  suppressed  roaring  of   wind 

entering  a  gorge. 
Manchester :  a  rustling  noise  as  of  wind  playing  among  loose 

paper. 
Moston :  a  noise  attributed  to  a  colliery  explosion. 
Prestwich :  like  a  heavy  but  distinct  roll  of  thunder. 
Sough :  resembling  that  of  a  horse  which  had  got  loose  in 
its  stall. 
(5)  Baoup :  like  that  of  a  road-engine. 

Hulton  Park :  as  if  a  carriage  were  driving  up  to  the  door. 

Leigh :  as  of  heavy  waggons  rolling  rapidly  along  the  street 

Orrell  Post :  like  that  of  a  heavy  conveyance  passing  in  the 

heavy  snow  which  had  fallen  during  the  day. 

Now,  in  both  lists,  all  places  preceded  by  the  letter  (a)  are  situated 

in  the  N.W.  and  S.E.  quarters  formed  by  drawing  lines  from  north 

to  south  and    east   to   west  through  the  epicentrum ;   and  those 

preceded  by  the  letter  (6)  are  in   the  N.E.  and  S.W.  quarters. 

These  results  are  summarized  in  the  following  table : 

0.  b.       Total. 

Sounds  of  short  duration  at     ...    2    ...    3    ...    6  places. 
Sounds  of  long  duration  at      ...    9    ...    4    ...  13      ,, 

We  may  conclude,  then,  that,  on  the  whole,  the  duration  of  the 
sound  was  greater  at  places  near  the  line  of  the  Irwell  fault  than 
at  places  more  remote  from  it 
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MUcdlaneouB  phenomena, — As  it  is  somewhat  nnnsnal  for  earth- 
quakes to  be  felt  strongly,  if  at  all,  in  pits  and  excavations,  it  is 
worth  mentioning  that  the  Lancashire  earthquake  was  noticed  in 
mioes  in  seyeral  instances.  In  one  of  the  collieries  in  the  Ince 
district,  near  Wigan,  the  shock  was  felt  so  distinctly  by  a  party  of 
men,  that  a  careful  inspection  was  made  by  them  to  see  if  any 
accident  had  happened.  In  the  Pendlebury  Colliery,  ''at  about 
10.30  p.m.  the  colliers  on  No.  9,  East  side.  Bams  Mine,  came  out  of 
their  working  places  to  the  engine-house  and  reported  to  the  fireman 
that  they  had  heard  a  rumbling  noise  in  the  roof  of  the  working 
places.*'  At  Agecroft  Colliery,  "only  one  man  noticed  anything. 
He  was  in  No.  2  pit,  and  when  he  heard  the  sound  he  went  out  to 
the  pony  road  to  see  if  it  had  been  caused  by  a  fall  of  dirt"  ^ 

Stonyhurst  Observatory  is  about  19  miles  north  of  Bolton,  out- 
side the  isoseismal  of  intensity  Y.,  but  still  some  miles  within  the 
boandary  of  the  disturbed  area.  As  it  seemed  possible  that  the 
magnetic  instruments  might  have  been  afifected  by  the  earthquake^ 
I  wrote  to  the  late  Father  Perry  on  the  subject  The  letter  arrived 
during  his  last  absence  from  England;  and,  after  his  death,  Mr. 
W.  G.  Cameron  was  good  enough  to  inform  me  that  no  trace  of  the 
earthquake  was  shown  by  the  magnetic  curve  of  February  10.  This 
lesalt  is  cnrions,  considering  that,  shortly  after  several  recent  earth- 
quakes, magnetic  instruments  in  distant  observatories,  far  beyond  the 
range  of  the  sensible  shock,  have  been  perceptibly  affected.  The 
cause  of  these  disturbances  is  not  certainly  known,  but  is  probably 
due  to  the  mechanical  action  of  the  shock,  the  masses  of  the  two  arms 
of  the  instrument  being  made  unequal,  in  order  that  it  may  rest 
horizontally.'  If  this  be  the  case,  the  absence  of  any  noticeable 
disturbance  at  Stonyhurst  may  have  been  due  to  the  fact  that  the 
line  joining  it  to  the  epicentrum  of  the  earthquake  is  so  nearly  in 
the  direction  of  the  magnetic  meridian. 

Position  of  the  Seismic  Focus  and  Geological  Belations. — ^The 
faults  of  the  Bolton  district  are,  with  a  few  small  exceptions, 
arranged  in  two  systems,  one  running  N.N.W.  and  S.S.E.,  and  the 
other  nearly  E.  and  ^.  Prominent  among  the  former  series  is 
the  great  Irwell  Valley  fault  This  important  dislocation,  which  is 
shown  upon  the  map  of  the  earthquake,  has  been  traced  for  a 
distance  of  more  than  twenty  miles,  from  near  Poynton  in  Cheshire 
to  about  three  miles  north-west  of  Bolton.  Throughout  its  whole 
oonrse  the  downthrow  is  towards  the  north-east  The  amount  of  its 
throw  is  considerable,  being  1050  yards  at  Farnworth,  about  three 
miles  south-east  of  Bolton.' 

Now,  as  we  have  seen,  both  isoseismal  lines  are  approximately 
circular  and  almost  exactly  concentric.  The  centre  of  the  smaller 
curve  (intensity  V.),  which  is  the  more  accurately  drawn,  is  about 
two  miles  N.N.E.  of  Bolton,  or  half  a  mile  west  of  Bradshaw ;  and 

^  The  last  two  acconntB  are  quoted  from  a  note  read  by  Mr.  J.  Knowles  before  the 
Manchester  Oeoloncal  Society  on  March  12,  1889. 
»  GioL.  Mao.  Dec.  III.  Vol.  II.  pp.  210-211. 
*  £.  Hull,  Geology  of  the  Country  round  Bolton,  Lancashire  (GeoL  Snnr.  Mem.). 
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we  maj  take  this  point  as  indioating  very  nearly  the  position  of  the 
epicentram,  whioh  is  therefore  close  to  the  interseotion  of  the  Irwell 
fault  with  the  surfaoe,  and  on  the  downthrow  side  of  it 

The  centre  of  the  sound -area,  as  drawn  upon  the  map,  lies,  how- 
ever, about  Bi  miles  S.S.W.  of  the  epioentrum,  and  therefore  to  the 
south-west  of  the  line  of  the  Irwell  fault  But  sinoe,  as  before 
remarked,  there  may  be  a  slight  error  in  this  determination,  and  since 
the  minor  faults  of  the  district  are  excluded,  by  their  position  with 
respect  to  the  epicentrum,  from  any  relation  with  the  earthquake,  I 
think  we  may  with  some  probability  connect  the  origin  of  the  earth- 
quake with  tJie  Irwell  fault 

There  is,  however,  other  evidence  bearing  on  the  point  (1)  It 
has  been  shown  that,  as  a  general  rule,  in  the  neighbourhood  of 
the  continuation  of  the  Irwell  fault  near  Bolton,  ti^e  number  of 
vibrations  was  greater  than  elsewhere,  and  the  sound-phenomena 
were  also  more  lasting ;  and  this  is  what  we  should  expect  if  the 
seismic  focus  were  a  plane  whose  strike  is  N.W.  and  S.E.  (2)  The 
maximum  intensity  was  recorded  at  Tottington,  about  two  miles 
east  of  the  epicentrum,  and  this,  it  will  be  seen,  is  not  far  from  the 
point  where  the  perpendicular  to  the  fault-plane  through  the  centre 
of  the  seismic  focus  meets  the  surface  of  the  earth.  Other  oonditions 
being  the  same,  it  is  evident  that  the  intensity  should  be  greatest 
in  the  neighbourhood  of  this  point 

The  inclination  of  the  Irwell  fault  near  Bolton  is  28^  horn,  the 
vertical,  according  to  the  horizontal  section  (sheet  67)  of  the 
Geological  Survey,  which  is  drawn  across  the  fault  If  this  in- 
clination be  approximately  constant  to  within  a  few  miles  from  the 
surface,  it  follows  that  the  centre  of  the  seismic  focus  must  be  at  a 
depth  of  about  3|  miles. 

Again,  as  in  the  case  of  the  Edinburgh  earthquake,  the  movement 
at  four  places  (Bury,  Heywood,  Prestwich,  and  Bamsbottom)  on 
the  downthrow  side  of  the  fault,  was  upwards  first  and  then  down- 
wards. There  are  no  records  of  a  contrary  movement  on  the 
npthrow  side  of  the  fault ;  but  the  evidence,  so  far  as  it  goes,  in- 
dicates that  the  earthquake  was  probably  caused  by  a  slip  which 
slightly  increased  the  throw  of  the  fault 

Lastly,  that  the  distance  in  a  horizontal  direction  over  which  the 
slip  extended  was  very  short,  may  be  inferred:  (1)  from  the 
approximate  circularity  of  the  isoseismal  lines,  and  (2)  from  the 
short  duration  of  the  earthquake- shock  and  the  accompanying  sound- 
phenomena.  Since  the  duration  is  rarely  mentioned  as  being  more 
than  a  few  seconds,  it  is  possible  that  this  distance  was  not  much 
greater  than  a  mile. 

The  whole  evidence  being  taken  together,  the  following  conclu- 
sions seem  to  me  probable :  (1)  the  Lancashire  earthquake  was 
caused  by  a  slip  of  the  Irwell  fault,  a  few  miles  from  its  north- 
western extremity  as  traced  upon  the  map :  (2)  the  horizontal 
length  of  the  slip-area  was  short,  possibly  less  than  a  mile :  (8)  the 
slip  resulted  in  an  increase  of  the  throw  of  the  fault :  and  (4)  the 
slip  must  have  extended  upwards  to  within  a  short  distance  from,  if 
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^ot  quite  up  to,  the  snrfaoe,  the  amount  of  the  slip  near  the  surfacei 
beJDg  of  oourae  extremely  small. 

Origin  of  the  Sound-phenomena. — The  observations  on  the  sounds 
ibat  accompanied  the  Edinburgh  and  Lancashire  earthquakes  lead 
to  an  important  result,  throwing  light  on  the  origin  of  these  vibra- 
tions and  the  part  of  the  focus  from  which  they  proceed.  I  will 
now  point  out  briefly  what  I  believe  to  be  the  origin  of  these  sounds, 
reserving  a  more  complete  discussion  of  the  question  for  a  subsequent 
paper  in  which  other  facts  bearing  on  the  problem  may  be  con- 
Teniently  brought  together. 

In  both  earthquakes,  the  shock  and  sound,  we  have  reason  to 
believe,  were  caused  by  slipping  along  well-known  faults,  the  foci 
of  the  sounds  being  nearer  the  surface  than  the  foci  of  the  corre- 
sponding shocks.  In  both,  also,  the  area  over  which  the  slip  took 
plaoe  must  have  been  very  limited  in  exteut :  and,  while  the  amount 
of  the  slip  may  have  been  greatest  near  the  centre  of  this  area,  it 
fiunst  certainly  have  died  away  towards  its  upper  and  lateral  margins. 

Now,  the  seismographic  records  recently  obtained  by  Prof.  Milne 
and  others  in  Japan  show  that  earthquakes  usually  begin  with  a 
series  of  tremors  very  small  in  amplitude  and  very  rapid  in  period, 
horn  six  to  eight  occurring  every  second,  but  becoming  slower 
before  the  shock  takes  place.  These  may  last  for  many  seconds  or 
even  several  minutes.  Following,  and  continuous  with,  them  come 
the  sensible  vibrations,  of  larger  amplitude  and  longer  period,  about 
three  to  five  occurring  in  every  second.  One  or  more  of  these; 
attaining  a  still  greater  amplitude  and  longer  period,  of  one  or  two 
seoonds  each,  constitute  what  are  generally  known  as  the  principal 
shock  or  shocks.  The  earthquake  closes  with  vibrations  of  smallei* 
amplitude,  but  which  have  a  period  so  long  that  no  record  of  them 
can  be  obtained.  The  earliest  tremors,  on  the  other  hand,  are  not 
registered  on  account  of  the  smallness  of  their  amplitude,  and,  in 
all  probability,  as  Prof.  Milne  suggests,  the  '' minute  movements 
which  have  been  recorded  are  the  continuation  of  still  smaller  and 
more  rapid  movements  which  ....  have  never  yet  been  rendered 
visible."  It  is  to  these  supposed  rapid  vibrations  which  form  the 
front  portion  of  an  advancing  earthquake,  that  Prof.  Milne  attnbutea 
the  origin  of  the  earthqMake-sounds.^  We  may  conclude  from  these 
observations  that,  initially  at  any  rate,  the  period  of  the  vibrations 
increases  and  decreases  with  their  amplitude. 

Now,  from  different  parts  of  the  area  over  which  a  fault-slip  takes 
place,  there  must  proceed  vibrations  differing  greatly  in  amplitude, 
iind  therefore  also  in  period.  From  the  central  portions  of  the 
shp-area  will  come,  as  a  rule,  the  vibrations  of  largest  amplitude 
and  longest  period;  while,  from  the  margins  there  will  proceed 
minute  vibrations  of  a  period  so  short  that  they  may  be  perceptible 
only  as  sound.  The  position  of  the  line  separating  the  marginal  and 
central  parts  of  the  slip- area  will  depend  only  on  the  amplitude  of 
the  vibrations  corresponding  to  the  period  of  the  lowest  sound  that 

^  Prof.  J.  MUne,  Japan  Seinaol.  Soc.  Trana.  vol.  xiL  (1888),  pp.  58-^2  and  107-^. . 
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can  be  beard ;  it  will  not  at  all  depend  on  tbe  amount  of  tbe  slip  at 
tbe  centre  of  tbe  area,  i.e.  it  will  be  independent  of  tbe  intemiiy  of 
tbe  sbock. 

I  Bball  endeavour  to  sbow,  in  a  later  paper,  tbat  tbis  theory  of 
tbe  origin  of  eartbquake-soands  acoounts  satisfactorily  for  all  tbeir 
pbenomena,  so  far  as  tbey  are  known  to  us.  For  tbe  present,  it  will 
be  sufficient  to  point  out  tbat  it  explains  (1)  tbe  fact  tbat  tbe  sound- 
area  is  not  concentric  witb  tbe  disturbed  area,  and  tbe  sound -focaa 
is  nearer  tbe  surface  tban  tbe  rest  of  tbe  seismic  focus ;  and  (2)  the 
fact  tbat,  in  great  earthquakes,  tbe  sounds  are  only  beard  within  a 
comparatively  small  area  immediately  surrounding  tbe  epicentrum. 

Authorities. — " Accrington  Gazette,"  Feb.  16 ;  ** Aocrington  limes,'* 
Feb.  16;  "Altrincbam  Division  Advertiser,"  Feb.  16;  "Blackpool 
Times,"  Feb.  13  ;  '* Bolton  Chronicle," Feb.  16;  "Bradford  Observer 
Budget,"  Feb.  16;  ** Burnley  Express,"  Feb.  16;  "Bury  Guardian/' 
Feb.  16;  "  Cborley  Standard,"  Feb.  16;  "Craven  Herald"  (Skipton), 
Feb.  16;  "Darwen  Post,"  Feb.  16;  "Halifax  Courier,"  Feb.  16; 
"  Hey  wood  Advertiser,"  Feb.  15  ;  "  Huddersfield  Chronicle,'* 
Feb.  16;  "Lancaster  Guardian,"  Feb.  16;  "Leeds  Mercury," 
Feb.  12;  "Leigh  Chronicle,"  Feb.  16;  "Liverpool  Mercury,'* 
Feb.  12;  "Macclesfield  Chronicle,"  Feb.  16;  "Macclesfield  Courier,'* 
Feb.  16  ;  "  Manchester  Examiner,"  Feb.  12  ;  "  Manchester  Guar- 
dian," Feb.  12,  IS;  "Middleton  Guardian,"  Feb.  16;  "Northwich 
and  Knutsford  Chronicle,'*  Feb.  16 ;  "  Oldham  Standard,"  Feb.  16  ; 
"Preston  Guardian,"  Feb.  16;  "Bocbdale  Observer,"  Feb.  13, 16; 
'*  Wigan  Observer,"  Feb.  13. 

Nature,  vol.  39,  p.  376  ;  T.  R.  H.  Clunn,  Tbe  earthquake  in  Lan* 
casbire.  Nature,  vol.  39,  p.  390 ;  J.  Enowles,  The  earthquake  shock 
of  February  lOtb,  1889,  Manchester  GeoL  Soc.  Trans.,  voL  xx. 
pp.  166-157. 

For  other  information  I  am  indebted  to  tbe  kindness  of  tbe  fol- 
lowing gentlemen:  the  Secretaries  of  the  Geological  Societies  of 
Liverpool  and  Manchester,  Mr.  W.  C.  Carlisle  (Stony hurst  Obser- 
vatory), Mr.  B.  Hainsworth  (Eqssall),  Mr.  G.  Hartnup  (Liverpool 
Observatory,  Bidstow)  Prof.  E.  Hull,  F.E.S.,  and  Mr.  Isaac  RobertSp 
F.E.S.  (Magbull). 

{To  be  continued.) 


ITOa?IOES      0]P      Ji/CElwCOXI^S. 


On  the  Young  of  Baculttbs  compbbssus,  Say,    By  Amos  P.  Bbowk. 
(Proc.  Acad.  Nat.  Sci.  Philadelphia.) 

AT  the  meeting  of  the  Academy  of  Natural  Sciences  of  Phila- 
delphia on  March  lOtb,  Mr.  Amos  P.  Brown  described  the 
young  of  Bactditea  eompreaaua,  Say,  recently  discovered  by  him  in 
some  Cretaceous  marl  from  the  vicinity  of  Dead  wood,  South  Dakota. 
Associated  with  them  in  tbe  same  material  were  several  species  of 
BacuLites,  Scaphites,  and  Inoceramua.  The  young  BactUiiea  varied 
in  length  from  1  to  3  cm.,  with  a  diameter  of  0*4:  to  2  mm* 
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Tlie  shell  originates  in  a  spiral  oonsisting  of  from  two  to  two  and 
one-half  slightly  overlapping  whorls,  and  ranging  in  diameter  from 
0-8  to  1  mm. ;  thence  it  extends  in  a  straight  line,  tangent  to  the 
ipind,  or  sometimes  slightly  reflezed.  The  straight  portion  of  the 
shell  rapidly  increases  in  diameter  from  0*38  to  0*40  mm.  at  the 
spiral,  to  aboat  1-5  to  2  mm.  at  2  cm.  length.  Some  of  the 
specimens  were  entire,  and  showed  that  the  body-chamber  occupied 
about  one-half  the  length  of  the  shell.  The  siphnnde  is  eccentric, 
and  was  found  to  lie  near  the  enter  margin  of  the  spiral. 

The  species  was  determined  from  an  examination  of  the  suture* 
line  which  was  traced  from  the  simple  form  of  the  very  young  shell, 
through  forms  of  gradually  increasing  complexity,  up  to  the  typical 
suture  of  the  adult  of  Baeulites  eompressua,  Say. 

That  this  spiral  portion  should  have  hitherto  escaped  observation 
can  he  easily  accounted  for  by  its  small  size  and  fragile  character. 
In  all  probability  it  was  broken  off  long  before  the  shell  had  attained 
adult  size,  and  is  therefore  to  be  met  with  only  in  shells  which  were 
preserved  in  their  immature  condition. 

The  description  is  given  in  the  Proceedings  of  the  Academy,  1891, 
part  i.  pp.  159-160,  and  is  accompanied  by  figures  of  the  young 
Bacvlites,  and  of  a  series  of  their  suture-lines  showing  the  gradual 
development  from  a  comparatively  simple  form  to  the  typical  suture 
of  the  adult  of  Baeulites  eompressuSt  Say. 


le  E  V  I  E  "VT"  S. 


I. — Pbofessob  Osbobn  on  thb  Molabs  of  thv  Pebissodaotyla. 

MANY  of  our  readers  are  probably  acquainted  more  or  less  fully 
with  Professor  H.  F.  Osborn's  elaborate  and  interesting 
lesearches  into  the  nature  of  the  primitive  plan  on  which  the 
molar  teeth  of  mammals  are  constructed,  summaries  of  which  have 
appeared  from  time  to  time  in  several  English  scientific  journals. 
The  result  of  these  researches  was  to  show  that  this  primitive  type 
of  tooth  was  of  the  so-called  *  tritubercular '  form.  It  may  not  be 
out  of  place  to  remind  our  readers  that  such  a  tritubercular  tooth  in 
the  upper  jaw  is  composed  of  an  inner  tubercle,  or  protocone,  and 
of  two  outer  tubercles  respectively  designated  paraeone  and  meiacone. 
By  the  addition  of  a  second  inner  tubercle — the  hypocone — and  of 
two  intermediate  ones,  known  as  the  protocontde  and  metaconule, 
such  a  tritubercular  molar  becomes  converted  into  the  sextubercular 
one  occurring  in  many  Ungulates. 

Professor  Osbom  has  recently  been  engaged  in  investigating  how 
the  more  complex  molars  of  the  specialized  Perissodactyles  have 
been  evolved  from  this  sextubercular  type;  the  results  of  this 
investigation  being  published  in  a  memoir  issued  under  the  auspices 
of  the  Museum  of  Harvard  College.^  Since  these  results  are  of  con- 
siderable morphological  importance,  and  are  especially  interesting 
to  palaeontologists,  a  short  resume  of  them  may  be  acceptable  to  our 
^  Bull.  MuB.  Comp.  Zool.  Harvard  Coll.  yol.  zz.  pp.  87,  et  teg.  (1890). 
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readers.  For  this  purpose  Prof.  Osbom  has  been  good  enough  to 
place  at  our  disposal  clichis  of  some  of  the  figures  illustrating  his 
memoir ;  which  figures,  with  some  of  our  own,  we  reproduce. 

It  may  be  well  to  premise  our  observations  by  stating  that  the 
upper  molars  of  the  Perissodactyles  are  constructed  on  what  is 
known  as  the  lophodont  type;  this  modification  consisting  of  an 
outer  wall,  connected  with  two  more  or  less  nearly  complete  trans- 
verse crests  inclining  backwards.  The  simplest  modification  of  this 
type  of  molar  is  to  be  found  in  tho  little  Hyraeotherium  of  the 


7*'*^WI,-^71^ 


Pio.  1. — Left  upper  premdUr  and  molar  teeth  ofAnehith^um  {Metohippus)  bairdi. 
pr,  protocone;  pp,  posterior  prominence. 

Ivondon  Clay ;  but  those  of  the  generalized  Horse-like  animal  known 
as  Anchiilieriu.'ni  (including  Mesohvp^i)  are  but  little  more  advanced. 
Of  this  genus  we  reproduce  two  of  Prof.  Osborn's  figures;  one 
(Fig.  1)  showing  the  whole  series  of  cheek-teeth,  and  the  other 
(Fig.  2)  a  single  molar.  One  species  (Fig.  1)  is  a  smaller  and  simpler 
form,  in  which  the  tubercle  marked  pp  is  less  developed  than  in 
the  larger  species  (Fig.  2).  In  these  teeth  there  is  no  difficulty  in 
recognizing  the  six  elements  of  the  sex- 
tubercular  tooth,  all  of  which  are  indicated 
by  letters  in  Fig.  2,  with  the  exception  of 
the  metskconule,  which  is  the  unlettered 
ridge  occupying  the  middle  of  the  tooth, 
immediately  below  the  m.  The  four 
remaining  elements,  lettered  a.  m.  p.  and 
fp,y  have  been  developed  from  the  basal 
cingulum  surrounding  the  molar  of  Hfra* 
eotiierium ;  and,  accordingly,  have  nothing 
whatever  to  do  with  the  primitive  foldings 
of  the  crown.  This  origin  is  very  im- 
portant with  regard  to  the  tubercle  marked 
jpp.  Thus  in  Fig.  2  this  is  so  strongly 
marked  as  to  suggest  an  origin  like  the 
other  main  tubercles;  but  its  commence^ 
ment  as  a  slight  swelling  of  the  cingulum 
is  clearly  shown  in  Fig.  1«  To  the 
elements  respectively  marked  a.  tn.  and 
pp.,  Professor  Osbom  applies  the  terms 
anterior  ^iUar,  median  pillar,  and  posterior 
pillar ;  stating  that  the  latter  term  is  taken 
from  the  writer  of  this  notice,  by  whom  it 
is  said  to  have  been  proposed  for  the  teeth 


/»' 


^m# 


Fio.  2.  —  Grinding  and 
outer  aspcts  of  a  left  upper 
molar  of  Anehilherium  longi- 
criate,  pr.  protocone  ;  pa. 
paracone ;  me.  metacone ;  Ay. 
hypocone  ;  pi.  protoconule ; 
a.  anterior  ridge ;  m.  middle 
ridge  ;  p.  posterior  ridge  ; 
pp.  posterior  prominence. 
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of  the  Horses.    To  this  statement  we  must  take  the  present  oppor- 
tanity  of  objeoting.     The  term  po$terior  pillar  (although  it  has  been 


Ay.  ml.  pr,  pL 

Fio.  3. — Three  right  upper  eheek-teeth  of  Sipparion,    ml,  metiu^onule ; 
letters  as  in  Fig.  2. 

subsequently  employed  by  the  writer)  was  first  proposed  by  Prof. 
Huxley  ("Anatomy  of  Vertebrates,"  p.  354, 1871),  and  was  applied 
to  the  tubercle  in  the  molars  of  the  Horses  marked  hy.  in  Figs.  3  and  4 
(these  figures  are  unfortunately  from  the  opposite  side  of  the  jaw  to 
those  figured  by  Prof.  Osbom).  This  tubercle  corresponds  with  the 
one  similarly  lettered  in  Fig.  2  (the  hypocone) ; 
and  has,  therefore,  nothing  whatever  to  do 
with  the  one  marked  pp.  Under  these  circum- 
stances we  propose  to  substitute  the  term 
posterior  prominence  for  the  tubercle  pp.  Again, 
the  term  anterior  pillar  was  proposed  by  Prof. 
Huxley,  and  adopted  by  the  writer  for  the 
tubercle  marked  pr.  (the  protocoue)  in  Figs. 
2,  3 ;  and  it  is,  therefore,  quite  inadmissible 
to  apply  it  to  a.  in  Fig.  2.  Under  these 
circumstances  we  would  suggest  that  the 
vertical  ridges  marked  a.  m.  and  p.  in  Fig.  2 
(which  become  still  more  prominent  in  the 
teeth  of  the  Horses),  should  respectively  be 
designated  the  anterior  ridge,  middle  ridge,  and  posterior  ridge. 

The  figures  sufficiently  indicate  how  the  equine  molar  has  been 
evolved  from  that  of  Anehitherium  by  the  development  of  one  pro- 
jection from  the  protoconule  to  join  the  metaconule,  and  of  another 
from  the  latter  connecting  it  with  the  posterior  prominence,  and 
thus  with  the  metaoone;  the  lengthening  of  the  crown  and  the 
filling  of  the  valleys  with  cement  being  a  concomitant  process. 
The  result  of  this  evolution  has  been  to  form  complete  crescents 
in  the  equine  molar,  of  which  the  hinder  one  is  always  connected 
with  the  hypooone  (hy,) ;  while  the  anterior  one  may  either  be 
connected  with  the  protocone  (pr.),  as  in  Equus,  or  completely 
isolated,  as  in  Hipparion.  This  has  also  entailed  the  division  of 
the  median  and  posterior  valleys  of  the  Anehitherium  molar  into  an 
inner  and  an  outer  moiety. 

The  remaining  type  of  Perissodaotyle  molar  we  have  to  notice 
18  that  of  the  Bhinooerosee  (Fig.  5).    Here  Prof.  Osborn  has  intro- 


Pio.  4. — Right  upper 
molar  of  Equus  stenonis ; 
letten  as  in  Fig.  3. 
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duoed  three  convenient  new  descriptive  terms,  which  will  be  equally 
applicable  to  the  molars  of  other  Perissiodactyles.  It  appears  that 
the  outer  wall  of  the  Bhinoceros  molar  is  formed  by  the  union  of 
the  primitive  paracone  (pa.)  with  the  metacone  (me.),  to  which  is 
added  the  anterior  ridge  (a.)  ;  and  for  this  outer  wall  the  term 
ectoloph  is  suggested.  The  anterior  transverse  crest,  formed  by  the 
union  of  the  paracone  (pa,),  protoconule  (pL),  and  protooone  (pr,) 
is  termed  the  protoloph;  while  for  the  posterior  transverse  crest, 
compounded  of  the  metacone  {me.),  metaconule,  and  hypooone  (hji.) 
we  have  the  name  metalopK 


Fio.  5. — Left  upper  molar  of  Rhinoeero$  palaindieua.  Lettere  as  in  Fig.  2. 
a.  to  me.  is  the  ectoloph ;  a.  to  pr,  the  protoloph ;  and  me.  to  Ay.  the 
metaloph.  The  process  projecting  from  the  metaloph  into  the  median 
yalley  is  the  crotcnet. 

In  the  primitive  Ehinoceros  molar  the  three  elements — anterior 
ridge,  paracone,  and  metacone — of  the  ectoloph  are  represented  by 
distinct  vertical  ridges ;  but  some  or  all  of  these  tend  to  disappear 
with  the  increasing  flatness  of.  the  outer  surface  of  this  part  of  the 
tooth  as  specialization  increases.  And  it  is  somewhat  noteworthy 
that  while  in  the  most  specialized  types  of  teeth,  like  those  of  the 
Indian  Rhinoceros,  of  the  two  African  species,  and  of  the  extinct 
Woolly  Bhinoceros,  the  development  of  the  paracone  is  less  marked 
than  in  the  more  generalized  Sumatrau  and  Javan  species ;  yet  the 
ridge  marking  the  metacone  is  decidedly  more  pronounced.  Although 
there  is  no  distinct  representative  in  the  Bhinoceros  molar  of  the 
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median  ridge  (Fig.  2,  m.)  of  the  equine  tooth,  yet  we  think  that 
tiiis  18  foreshadowed  in  the  former  by  the  flexure  which  often 
ooooFB  in  the  eotoloph  between  the  para-  and  meta-oonee. 

In  referring  to  the  seoondary  enamel-folds  which  grow  from  the 
tiuree  compound  elements  of  the  Bhinooeros  molar  into  the  median 
jalley  (the  laige  fissure  penetrating  Fig.  5  from  the  inner  side),  it 
i<  to  be  regretted  that  Prof.  Osborn  has  again  displayed  some  oare- 
leuness  in  quoting  previous  work.  Thus  he  states,  ''These  secondary 
elements  consist,  first,  of  three  folds  projecting  into  the  median 
▼alley,  one  from  the  ectoloph,  the  crista ;  one  from  the  protoloph, 
tbo  crochet ;  one  from  the  metaloph,  the  antierochet ;"  his  figures 
being  lettered  accordingly.  Now  the  fact  really  is  that  it  is  the 
eroUhet  (as  we  prefer  to  spell  the  word)  which  projects  from  the 
metaloph,  as  shown  in  Fig.  5,  while  the  anticrotchet,  when  present, 
is  carried  by  the  protoloph.  The  crotchet  corresix>nds,  in  fact,  pre- 
oisely  in  position  with  the  projection  arising  from  the  protoconule 
of  the  protoloph  of  the  equine  molar  (Figs.  8,  4) ;  and  when  reaching 
across  to  the  metaloph  divides  the  median  valley  into  an  inner  and 
oater  moiety  precisely  after  the  equine  manner ;  the  only  difference 
being  that  while  in  the  Bhinooeros  the  two  divisions  of  the  valley 
remain  open,  in  the  Horse  they  are  completely  filled  with  cement. 
(In  Fig.  3  the  cement  filling  the  '  island '  formed  by  the  outer  part 
of  the  median  valley  is  drawn  white,  while  that  in  the  outer  part 
of  the  same — between  pr»  and  ml. — is  made  dark  and  crossed  by 
vertical  lines;  this  difference  is  owing  to  the  staining  of  the  fossil, 
but  in  a  recent  Horse's  both  would  be  pale  buff.) 

In  conclusion,  it  may  be  observed  that,  while  it  may  be  convenient 
in  monographs  to  retain  for  the  description  of  the  molars  of  the 
I  various  families  of  the  Perissodactyla  the  terms  commonly  in  use, 
{  yet  the  importance  and  interest  of  being  able  to  trace  the  precise 
morphological  equivalents  of  the  elements  of  all  these  teeth,  not 
only  to  one  another,  but  also  to  the  primitive  type  of  mammalian 
tooth-structure,  can  scarcely  be  overrated.  To  a  certain  degree  as 
regards  the  former  part  of  this  task,  and  altogether  as  regards  the 
latter  part,  zoologists  and  palaeontologists  are  indebted  to  the  labours 
of  Prof.  Osborn.  B.  Ltdskkeb. 

n. — Geoloqioal  Survey  of  Illinois,  A.  H.  Worthen,  Director. 
Volume  VIIL  Geology  and  Palaontolooy.  Edited  by  Josua 
LiNDAHL,  Ph.D.,  State  Geologist.  Geology,  by  A.  H.  Worthen. 
FalaotUology,  by  A.  H.  Worthen,  Charles  Waohsmuth,  Frank 
Springer,  E.  0.  Ulrioh  and  Oliver  Everitt.  With  an  Ap- 
pendix {Biography^  Bibliography  and  General  Index  to  Volumes 
I.-VIII.).  Text.  Published  by  authority  of  the  Legislature  of 
Illinois,  July,  1890.  8vo.  pp.  xiii.  758  and  161,  1  Portrait, 
1  Map.  Plates  I. — LXXVIII.  and  Explanations,  bound  in  a 
separate  volume. 

WITH  this  massive  volume  and  the  Plates  accompanying  it, 
the  series  of  Beports  on  the  Geology  and  Palaeontology  of 
Illinois,  which  have  appeared  at  various  intervals  since  1866,  is 
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finally  closed.  These  Eeports,  second  Only  in  importance '  to  tbose 
of  the  State  of  New  York,  have  very  materially  oontrihated  to  the 
advancement  of  Geological  Science  on  the  North  Amerioan  Continent, 
and  they  serve  as  a  permanent  memorial  in  honour  of  Prof.  A«  H. 
Worthen,  the  State  Geologist,  by  whom  they  have  all,  with  the 
exception  of  the  closing  volume,  been  edited.  To  a  great  extent 
the  present  volume  was  also  prepared  under  his  superintendenoe, 
but  death  removed  him  from  his  labours,  whilst  the  work  was  going 
through  the  press.  The  final  editing  was  completed  by  Dr.  J. 
Lindahl,  the  successor  of  Prof.  Worthen  on  the  State  Survey,  and  it 
is  very  appropriate  that  a  sketch  of  the  life  and  scientific  work  of 
the  late  Director  should  have  been  included  in  the  contents  of  the 
final  volume.  Dr.  Lindahl  has  further  contributed  a  General  Index 
to  the  entire  series,  which  will  prove  of  considerable  assistance  to 
all  palaeontologists  and  others  who  may  require  to  refer  to  it. 

The  present  volume  commences  with  a  chapter  on  the  Drift 
]>epos]t8  of  Illinois  by  Prof.  Worthen.  From  this  it  appears  that 
they  vary  in  thickness  from  10  to  350  feet,  and  they  often  extend 
below  the  present  drainage  level  of  the  streams  and  rivers.  The 
Drift  materials  are  thickest  in  the  central  portions  of  Illinois,  they 
thin  out  to  the  south  of  the  State,  and,  with  the  exception  of  the 
Loess,  they  all  disappear  before  reaching  the  Ohio  Biver.  The 
lowest  beds  consist  of  stratified  sands  and  clays  filling  np  pre* 
glacial  valleys,  over  these  a  layer,  2  to  13  feet  thick,  of  peaty  soil 
filled  with  plant  remains,  is  usually  present  This  old  soil  is  covered 
by  Boulder-clays,  from  20  to  100  feet  in  thickness,  and  these  again 
are  partially  covered  by  modified  drift  and  loess  containing  the 
bones  of  Mastodon,  Mammoth,  Bob,  Castoroides,  etc.  In  some 
places  there  appears  to  he  a  deposit  of  Boulder-clay  material  beneath 
the  peaty  soil  as  well  as  overlying  it.  The  preservation  of  this 
soft  peaty  soil  leads  Prof.  Worthen  to  the  conclusion  that  the 
Boulder-clay  must  have  been  produced  by  floating  ice  rather  thaa 
by  glaciers. 

In  a  second  chapter  the  same  author  gives  the  results  of  numeroas 
borings  for  coal  and  in  search  of  natural  gas  and  oil,  but  though 
soma  of  the  borings  have  been  carried  to  a  depth  of  over  2300  feet, 
penetrating  nearly  to  the  base  of  the  stratified  rocks  in  the  region, 
no  economical  results  as  regards  gas  and  oil  have  been  obtained. 

The  second  part  of  the  volume  is  devoted  to  Pal  seen  tology,  and 
the  first  section  contains  descriptions  of  fossil  Invertebrates  by 
A.  n.  Worthen.  Numerous  species  of  Corals,  Grinoids,  Molluscs,  eta, 
for  the  most  part  from  different  divisions  of  the  sub-Carboniferou8» 
are  treated,  but  they  do  not  seem  of  special  importance.  The 
discovery  of  a  new  species  of  Ascoceras,  A.  SouthtoelU,  from  the 
Niagara  Limestone,  is  of  interest. 

In  section  ii.  Messrs.  Wachsmuth  and  Springer  describe  new 
species  of  Grinoids  and  Blastoids  from  the  Lower  Garboniferons  of 
Le  Grand,  Iowa,  and  from  the  Niagara  Group  of  West  Tennessee. 
Not  infrequently  the  stems  of  these  Grinoids  are  preserved  intact, 
and  in  almost  all  cases  they  taper  distally  to  a  fine  point  and  give 
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off  rootlets  or  drrhi  in  all  directions,  from  which  the  authors 
ooDclnde  that  these  and  other  Palseocrinoids  prohably  lived  a  semi- 
free  existence,  like  recent  forms  of  PeiUaerinuSt  either  anchored  by 
the  cirrhi  to  the  soft  oozy  sea-bottom»  or  at  intervals  attached  to 
foreign  bodies.  The  new  species  belong  to  the  following  genera : 
Aelinoerinus,  MegiatoeirinuSt  Doryerinus,  Bhodocrinus,  Platycrinus^ 
DiehoerinuSf  Orapkiocrinu$f  ScaphioerinuSf  and  TaxocrinuB,  A  speci- 
men of  a  new  Blastoid,  Orophocrinw  /uBtformis,  retains  a  portion  of 
the  stem  and  also  the  pinnules. 

In  sections  iii.  iv.  and  ▼.  Mr.  E.  0.  Ulrich  (in  part  nominally 
associated  with  Mr.  0.  Everett)  treats  of  American  Palseozoic  Sponges. 
The  author's  study  of  this  group  of  fossils  is  evidently  limited  and 
imperfect,  shown  more  particularly  when  he  ventures  to  express 
opinions  of  his  own  as  distinct  from  those  procured  from  the 
writings  of  and  correspondence  with  experienced  authorities.  Thns, 
for  example,  he  believes  that  there  are  homological  affinities  between 
tome  of  the  new  Silurian  lithistid  sponges  described  and  the 
8tromatoporoid  genus  Actinoatroma  I  It  is  generally  acknowledged 
that  the  correct  determination  of  fossil  sponges  is  beset  with  special 
difficulties  owing  to  mineral  changes  which  they  have  undergone, 
and  those  which  Mr.  Ulrich  has  attempted  to  describe  are  no 
exceptions  to  the  rule.  This  fact  will,  perhaps,  account  for  the 
extraordinary  type  of  spicule  which  is  figured  as  characteristic  of 
a  proposed  new  family,  the  Aspidellidsd  (p.  224,  fig.  6),  in  which 
four  smooth  simple  rays  are  thrown  off  in  pairs  from  the  ends  of 
what  is  styled  a  profoundly  elongated  node  or  horizontal  central  bar  I 

Of  Devonian  and  Carboniferous  forms,  the  author  describes  four 
sew  genera  :  HystrioBpongiay  a  te tract inellid ;  Batospongia,  either  a 
lithistid  or  a  calcisponge ;  Belemnospongiay  a  monactinellid,  but  which, 
if  correctly  delineated  as  having  acerate  spicules  connected  by  short 
transverse  processes,  must  be  quite  distinct  from  this  snb-order,  and 
Synngelasma,  a  lithistid.  At  the  lower  horizon  of  the  Trenton 
limestone,  at  a  single  locality  in  Illinois,  a  considerable  number  of 
fossil  sponges  have  been  obtained,  which  retain  their  outer  fornm 
and  canal  structure,  but  their  original  siliceous  skeletons  have  been 
replaced  by  calcite.  These  sponges  have  been  arranged  in  several 
new  genera,  and  placed  as  a  distinct  lithistid  family  of  the  AspidellidaB 
on  the  ground  that  the  form  of  their  spicules  differs  from  that  of 
any  previously  described  sponge.  From  an  examination  of  some 
of  these  forms,  we  believe  their  spicular  structure  is  closely  similar 
to  that  of  Astylospangia  and  that  they  can  be  included  in  the 
Anomodadina  family.  The  two  principal  genera  are  Zittelella  and 
AfUhaipidella,  which  apparently  differ  only  in  the  fact  that  the 
former  is  simple  and  the  latter  compound.  The  former  genus, 
moreover,  seems  to  be  synonymous  with  the  previously  described 
Stdiella,^  Hinde,  which  has  been  overlooked  by  the  author.  Another 
sew  genus,  Edriospongia,  seems  to  be  based  on  a  portion  of  a 
specimen  of  Aspidella.  Stroto$pongia  and  DyBtaetospongia  are 
included  with  Galcisponges ;  but  the  former  of  these  is  almost 
^  Canadian  Becord  of  Science,  July,  1859,  p.  396. 
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certainly  siliceous ;  the  character  of  another  new  genas,  CamarodadtOf 
is  very  indefinite. 

A  single  Stromatoporoid  is  placed  under  AcUno%troma  ?  TrenUmenM^ 
and  its  minute  structure  is  stated  to  resemble  that  of  the  Aspidellid 
sponges  I 

Section  vi.  treats  of  Palaeozoic  Bryozoa^  by  E.  O.  Ulrich,  and 
forms  by  far  the  most  important  subject  in  the  volume,  occupying 
403  pages  of  text  and  49  quarto  plates.  On  this  group  we  can 
readily  recognize  that  the  author  is  on  safer  ground  than  when 
treating  of  fossil  sponges,  for  he  has  thoroughly  investigated  the 
microscopic  structure  of  nearly  all  the  American  species,  and 
prepared  nearly  4000  thin  sections  for  this  end.  His  descriptions 
and  figures  furnish  an  immense  addition  to  our  knowledge  of  the 
minute  structural  details  of  the  various  forms,  and  they  afford 
a  very  striking  instance  of  the  advantage  to  be  gained  by  the 
systematic  microscopic  study  of  all  the  forms  in  a  single  group  of 
organisms.  A  chapter  is  devoted  to  the  general  and  comparative 
structure  of  Palseozoic  Bryozoa,  and  the  views  stated  will  be 
generally  accepted;  some  exceptions,  however,  might  be  taken  to 
the  assertion  that  the  acanthopores  were  all  originally  hollow, 
though  it  is  acknowledged  that  their  summits  generally  appear 
solid  at  the  surface.  Allied  to  the  acanthopores  are  the  so-called 
median- tubules,  and  the  hollow  structure  of  these  is  equally  doubtful. 

As  regards  the  classification  of  the  PalsBOzoio  Bryozoa,  Mr.  Ulrich 
adopts  the  plan  of  extreme  division,  and  a  great  number  of  new 
families  and  genera  are  introduced  on  grounds  which  appear  quite 
insufficient.  It  is  very  doubtful  if  either  of  the  proposed  suborders, 
Trepostomata,  Ulrich,  and  Gryptostomata,  Vine,  can  be  logically 
established ;  and  numerous  objections  could  be  taken  to  many  of  the 
family  and  generic  divisions  which  have  been  made.  That  many  of 
the  new  genera  appear  to  conflict  seriously  with  those  already 
established  is  only  what  may  be  looked  for  in  a  work  hailing  from 
the  United  States,  and  much  of  this  apparent  synonymy  could 
probably  be  avoided  by  a  franker  recognition  of  the  characters  of 
the  older  types  and  a  less  hostile  attitude  towards  the  authors  of 
these.  In  spite  of  these  drawbacks  the  work  of  Mr.  Ulrich  on  the 
American  fossil  Bryozoa  merits  the  warm  appreciation  of  all  palieon- 
tologists,  and  affords  a  safe  basis  for  future  students  and  systematists 
to  build  upon.  G.  J.  H. 

III. — Catalogue  of  the  Fossil  Cephalopoda  in  the  Bbitish 
Museum  (Natural  History),  Part  IL  containing  the  be* 
HAiNDBR  OF  THE  Nautiloidea.  By  Abthub  H.  Foord,  F.G.S, 
(London,  1891.)  Printed  by  order  of  the  Trustees,  and  sold  by 
Kegan  Paul,  Trench,  Triibner  &  Co.  8vo.  pp.  xzviiL  and  408, 
with  a  large  folding  Table  and  86  Woodcuts. 

WE  gladly  welcome  Part  II.  of  Mr.  Foord's  Catalogue  of  the 
Fossil  Cephalopoda  in  the  British  Museum  (Natural  Histoxy). 
Two  years  have  elapsed  since  the  completion  of  Part  I.,  containing 
part  of  the  suborder  Nautiloidea,  consistmg  of  the  families  OrthO' 
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eeraiidat  Efidoeeratida,  Aeiinoeeratida,  Oamphoceratida,  Aaeoeeraiida^ 
PoUrioceraiida,  and  Cyrtoceratida.  The  present  volume  oontains 
tbe  remainder  of  the  Nauiiloidea,  consisting  of  the  families  LituiUda, 
TrocJu>eeratida,  and  Nautilida,  The  family  Baetriiida  was  inserted 
by  the  author  in  the  Table  of  the  Nautiloidea  whioh  he  gave  in  his 
Introduction  to  Part  I.,  but  in  the  Introduction  to  Part  II.  he  states, 
'*0n  reconsidering  the  question  of  the  affinities  of  Bactritea  (the 
sole  representative  of  the  family  Bactrittda),  in  the  light  of  the 
investigations  of  Branco  and  Hyatt,  I  am  now  prepared  to  accept 
the  systematic  position  assigned  to  it  by  those  authors — that  is,  at 
the  commencement  of  the  Ammonoidea.  BaeiriUs  will  therefore  be 
dealt  with  in  Part  III.  instead  of  in  this  volume." 

From  a  Table  appended  to  the  Introduction  giving  the  **  Distri- 
bution of  Qenera  and  Subgenera  of  Nautiloidea  described  in  Parts 
L  and  II.  of  the  present  Catalogue,  with  the  number  of  species 
assigned  to  each,"  it  is  seen  that  there  are  in  the  Museum  573 
fipecies  included  in  the  Nautiloidea,  459  of  which  are  PalsBOzoic, 
93  Mesozoic,  and  21  Oainozoio.  The  Palsdozoio  species  are  dis* 
tributed  in  29  genera  and  6  subgenera,  the  Mesozoic  in  4  genera 
and  2  subgenera,  and  the  Oainozoio  in  2  genera  and  1  subgenus. 

The  author  commences  the  present  volume  with  the  LituitidiB, 
which  family  includes  the  genera  LituiteSf  Ophidioceraa,  and  Anris- 
troeeraa;  the  last-named  genus  does  not  appear  to  be  represented 
in  the  National  Collection.  The  first  is  represented  by  the  well- 
known  L.  lituui  from  the  Orthooeras  limestone  of  Sweden,  and 
possibly  by  one  British  species.  To  the  genus  lAiuites,  J.  de  Carle 
Sowerby  referred  several  British  species  which  he  described  in 
Murchison's  'Silurian  System.'  Prof.  Blake,  in  his  Monograph  of 
the  British  Fossil  Cephalopoda,  Part  I.,  retained  in  this  genus  only 
one  of  these  species,  viz.  ibex^  and  associated  with  it  in  the  same 
genus,  though  with  a  query,  some  specimens  which  he  identified 
with  Trochoceras  arietinum  of  Barrande.  Mr.  Foord  replaces  this 
latter  species  in  Troehoceras^  and  refers  the  ibex  of  J.  de  C.  Sowerby 
to  LUvitea  with  a  query,  remarking  that  "  the  presence  of  lAtuitea  in 
the  British  rocks  must,  for  the  present,  be  considered  as  very  far 
from  satisfactorily  determined." 

Ophtdioeeras,  which  is  known  only  in  the  Silurian  of  England 
and  Bohemia,  was  regarded  by  its  founder  Barrande  as  a  subgenus 
of  LituiteB,  but  Prof.  Blake  regards  it  as  a  distinct  genus  only 
"remotely  related"  to  Lituites,  while  Hyatt  places  it  near  to 
Ascoceras.  Mr.  Foord  considers  it  to  be  a  distinct  genus  "  whose 
alliance  seems  to  be  clearly  with  Lituites." 

In  Trochoeeras,  the  genus  representing  the  TroehoceratidcB,  and 
ranging  from  the  Cambrian  to  the  Devonian,  the  author  describes 
two  new  Silurian  species,  each  founded  upon  a  single  specimen. 
The  one,  Trochoceras  horeate,  collected  by  Captain  Inglefield  in  the 
Silurian  rocks  at  Wellington  Channel,  Arctic  America,  is  a  smooth 
species,  and  is  stated  to  be  "  much  larger  than  any  of  those  of  the 
Niagara  rocks  of  North  America  that  come  at  all  near  to  it"  The 
other,  from  the  Woolhope  Limestone,  at  Hay-Head,  East  of  Walsall, 
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Staffordshire,  is  a  distinctly  ribbed  species  most  nearly  allied  to' 
Trochoceraa  mirandnm,  Barrande. 

In  VoL  I.  of  the  Palaeontology  of  New  York,  Hall  described  and 
figured  under  the  name  Littdtes  undatua  specimens  which,  according 
to  Mr.  Foord,  belong  to  two  distinct  genera.  Prof.  .Hyatt  referred 
them  to  the  genus  Trocholiiea,  but  Mr.  Foord  considers  that  some 
belong  to  the  genus  Trochoeeraa,  and  to  these  he  has  given  the  name 
Trochoceraa  Hallu 

By  far  the  greater  part  of  the  volume  is  occupied  by  the  NatUtlida^ 
the  following  genera  and  subgenera  being  treated  of : — 

TroeholiteSf  Conrad. 
Gyt  ocerasy  deKomnck. 

Subgenufi  Aipoceras,  Hyatt. 

Subgenus  Trigonocerat,  M^Coy. 
S'ercocerat^  Barrande. 
Barrandeoteraa,  Hyatt, 
JHacitesy  M*Coy. 

Subgenus  Fhaeoeeraty  Hyatt 
£phippioc€ra8,  Hyatt. 
Cahnautiitu,  Foord. 
FleuronautiltUy  Mojsisoncs. 
Temnoeheilus,  M*Coy. 

Subgenus  Centroe«ra9y  Hyatt. 
Solenoe/ietius,  Meek  and  Wormen,  emend.  Hyatt. 
Nautilus^  Breyn. 

Subgenus  HereogloMa^  Conrad,  emend.  Meek. 

Subgenus  Clffdonautilut,  MojsisoTics. 
Aturia,  Bronn. 

No  new  species  is  added  to  the  genus  Troeholitea,  but  a  new 
species  of  Gyroceraa,  "  closely  allied  to  Oyroceraa  omatiaatmum,  de 
Koninck,  sp./*  is  described  from  the  Carboniferous  Limestone  of 
Ireland  under  the  name  Oyroceraa  hibemieumt  and  upon  a  single 
specimen  from  the  same  horizon  and  locality  is  founded  a  new 
species  of  the  subgenus  Aipoceraay  viz.  A.  compreaaum. 

Prof.  Hyatt  included  in  Barrande's  genus  Hercoceraa  such  forms 
as  Oyroceraa  alatnm,  Barr.,  and  Trochoceraa  flexum,  Barr.,  in  which 
the  apertures  are  not  contracted,  but  Mr.  Foord  restricts  the  genus 
to  species  which  have  the  aperture  peculiarly  contracted,  as  in 
Hercoceraa  miruitty  Barr.,  thereby  retaining  Jff.  mirvm  (with  its  variety 
irregulare)  as  the  only  known  species  of  the  genus. 

In  addition  to  the  two  well-known  British  species,  which  fall  inte 
the  genus  Ephippioceraa,  viz.  NatUilna  cHtellariua,  J.  de  C.  Sowerhy, 
from  the  Coal  Measures  of  Shropshire  and  Worcestershire,  and 
Nautiltia  bilohatva,  J.  Sowerby,  from  the  Calciferous  Sandstone  of 
Closebum,  Dumfriesshire,  the  author  describes  under  the  name 
costatum  a  new  species,  which  occurs  in  association  with  N. 
clitellariua. 

The  name  CcelonavWua  is  comparatively  new.  The  first  mention 
of  it  seems  to  be  in  an  exceedingly  interesting  paper  which  appeared 
in  the  Geolooioal  Magazine  for  November,  1889  (p.  494),  by 
A.  H.  Foord  and  G.  C.  Crick,  <'  On  the  Shell-muscles  of  CoelonauUlna 
cariniferua,  J,  de  C.  Sowerby,  sp.,*'  in  a  footnote  to  which  paper  it 
is  stated  that  'Uhis  name  from   koiXov,  hollow  (referring  to  the 
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tombilicns),  and  Nautilus,  is  proposed  by  one  of  as  in  sut)Btitation 
for  TrematodiseuSy  Meek  and  Worthen,  which  was  used  by  Htickel 
for  a  genns  of  Radiolarians.  The  name  Trematoceras  proposed  by 
Hyatt  (Proc  Boston  Soc  Nat.  Hist.  1883,  vol.  xxiL  footnote,  p.  291) 
in  lieu  of  Trematodiscus  is  equally  ineligible,  because  preoocupied, 
for  although  the  species  described  by  Eichwald  (Leth.  Rossioa,  1860, 
ToL  i.  p.  1259)—  Trematoceras  diseors — was  a  Baeirites,  a  generic 
name  once  published  cannot  be  again  employed,  even  for  a  different 
group,  without  risk  of  confusion."  Prof.  Hyatt  retains  for  the 
shells  comprised  in  the  present  group  the  name  Vesiinautilus  proposed 
by  Ryckholt;  but  de  Eoninck  pointed  out  that  this  name  was 
evidently  founded  upon  an  error  of  observation,  and  since  it 
"cannot  be  used  in  the  sense  intended  by  its  author,"  Mr.  Foord 
agrees  with  de  Eoninck  in  treating  Byckholt's  name  as  a  synonym. 
Mr.  Foord  reproduces  the  figures  of  the  impression  of  the  shell- 
muscles  of  CkxiUmautiluSy  which  appeared  in  the  Gkologioal  M aoazinb 
for  November,  1889,  and  it  is  to  be  hoped  that'  his  examination  of 
the  large  number  of  specimens  of  Ammonoidea  contained  in  the 
National  Collection  will  enable  him  to  demonstrate  also  the  form  of 
the  muscular  impression  in  some  of  the  Ammonites.  Several  new 
species  of  Codonautilus  are  described,  as  well  as  of  the  genera 
Temnocheilus  and  SoUnocheilus, 

Then  follows  the  genus  Nautilus^  of  which,  according  to  a  table 
given  by  the  author  in  his  Introduction,  the  Museum  contains  88 
species,  viz.  6  Triassic,  30  Jurassic,  40  Cretaceous,  and  13  Tertiary. 
Mr.  Foord  remarks :  "  It  might  perhaps  have  been  supposed  that 
a  genus  so  rich  in  species  as  Nautilus  is  would  have  supplied  many 
rahdivisions  or  groups  of  species;  but  after  carefully  coDsideriug 
the  matter,  I  have  come  to  the  conclusion  that  such  gi*oups  are  in 
the  present  case  unnecessary,  first,  because  the  relationship  in  which 
tile  species  stand  to  each  other  is  fully  set  forth  in  the  remarks 
appended  to  the  descriptions  of  the  species,  and,  secondly,  because 
Buch  groups  are  apt  to  become  very  artificial,  owing  to  the  necessity 
for  frequent  change  in  the  selection  of  the  characters  upon  which, 
they  rest.  It  is  true  that  there  are  often  met  with  in  the  genus 
Nautilus  assemblages  of  species  having  many  characters  in  common, 
which  are,  however,  too  variable  to  found  genera  upon." 

Many  of  the  species  of  Nautilus  are  comparatively  new,  having 
faeeu  described  by  the  author  and  Mr.  G.  0.  Crick  in  the  Annals 
and  Magazine  of  Natural  History  for  April  and  May,  1890 ;  some 
are  quite  new,  but  the  excellent  figures  which  accompany  the  descrip- 
tions of  these  species  will  greatly  facilitate  their  identification. 

It  is  to  be  regretted  that  the  whereabouts  of  some  of  Sowerby's 
type-specimens  is  unknown.  This  is  the  case  with  Nautilus  simplex. 
On  comparing  the  characters  given  by  Sowerby  with  Mr.  Foord's 
description  of  his  new  species  semiundatus^  we  think  the  author  has 
good  grounds  for  suggesting  the  possibility  of  Sowerby's  specimen 
heing  a  badly-preserved  example  of  this  new  species.  He  adds 
(p.  285),  "Unfortunately,  the  siphuncle  has  not  been  seen  in  N. 
semivndaiuSf  and  therefoia  it  cannot  be  invoked  in  aid  of  this  com- 
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pariBon.'*  Doubtless  he  meant  to  have  said  that  the  siphanole  has 
not  been  seen  Id  the  adalt  stage,  for  in  his  description  of  Bemiundaiuz 
(p.  280)  he  observes,  ''  The  siphuncle  in  a  young  individual  (No. 
36603),  If  inches  in  length,  is  very  near  the  inner  (dorsal)  margin 
of  the  septa."  The  position  of  the  siphuncle  then,  so  far  as  it  is 
known,  constitutes  another  point  of  agreement  with  Sowerby's 
N.  simplex. 

As  the  author  has  not  been  able  with  abundant  material  before 
him  to  determine  to  what  maturer  form  Sowerby's  small  specimen 
of  N,  inaqucdtB  belongs,  we  quite  agree  with  him  that  it  is  much 
better  to  drop  the  name  altogether.  The  specific  determination  of 
very  young  Nautili  is  often  absolutely  impossible. 

Passing  on  to  the  genus  Aturia  we  notice,  that  while  Edwards  in 
his  Monograph  of  the  Eocene  MoUusca  (PaL  Soc.  1849)  described 
and  figured  two  varieties  of  the  well-known  Aivria  ziczae^  Mr. 
Foord  reserves  this  name  for  the  form  figured  by  J.  Sowerby  in 
plate  i.  of  his  Mineral  Conchology,  and  gives  a  new  name,  A,  Charhi* 
toorthi,  to  the  more  compressed  shell  which  Edwaixls  distinguished 
as  var.  /3.  llie  latter  comes  very  near  to  the  Dax  shells  Aturia 
Aturi,  Basterot,  but  the  differences  in  the  suture-line  and  the  amount 
of  compression  are  considered  sufficient  to  justify  the  separation  of 
the  species.  As  to  the  Nautilua  lingfdatus,  v.  Bnoh,  from  the  Eocene 
of  Eressenberg,  Bavaria,  Mr.  Foord  concurs  wiUi  Dr.  Geinitz  in 
referring  it  to  Aturia  ziczaCy  J.  Sowerby,  sp. 

The  concluding  section  on  the  NautiUdat  deals  with  the  Rhyn^ 
oholites  or  the  mandibles  of  fossil  Nautiloids.  Various  names 
have  been  given  to  these  fossils,  and  various  opinions  have  been 
entertained  as  to  the  advisability  of  referring  them  to  genera  and 
species.  Although  it  has  been  suggested  that  Rhyncholites  may  he 
of  more  importance  for  the  purpose  of  classification  than  the  guards 
of  Belemnites,  Mr.  Foord  refrains  from  referring  them  to  genera  and 
species,  (1)  owing  <*to  the  want  of  stable  characters  upon  which 
to  found  genera  and  species,"  and  (2)  because  the  material  is  not 
**  sufficiently  abundant  to  enable  one  to  trace  the  variations  that  may 
arise  in  different  stages  of  growth,  and  thus  to  afford  data  for  the 
limitation  of  such  species  as  may  be  constituted,"  and  he  adds, 
"Under  these  circumstances  I  have  merely  figured  some  of  the 
principal  types  of  the  fossil  beaks  met  with  in  the  Jurassic  and 
Cretaceous  rocks  of  England  which,  so  far  as  I  am  aware,  have 
not  been  illustrated."  The  figures  are  exceedingly  good,  and  in 
addition  to  the  fossil  beaks  the  author  gives  some  admirable 
figures  of  the  upper  and  lower  mandibles  of  the  recent  Nautilus 
{Nautilui  pompiliua). 

Dr.  K.  A.  von  Zittel,  writing  in  1884  (Handb.  d.  Palsdont.  Band  II. 
p.  386),  states  that  hitherto  Tower  mandibles  have  been  found  only 
in  the  Muschelkalk.  Mr.  Foord's  examination  of  the  National 
Collection  has,  however,  enabled  him  to  record  and  figure  specimens 
from  the  Lias  of  Lyme  Regis  and  the  Lower  Chalk  of  Dover. 

The  Rhyncholites  are  so  rarely  associated  with  the  Cephalopod 
to  which  they  belong,  that  the  specimens  of  NatUUus  Libanoticme 
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in  the  Museam  that  the  aathor  states  have  one  or  other  of  the 
mandibles  tii  Bit^  must  be  regarded  as  treasures  indeed.  A  figure  of 
one  of  these  specimens  is  given,  showing  the  mandible  upon  the 
anrfaoe  of  the  cast  of  the  yentral  aspect  of  the  body-chamber. 

The  figures  in  the  book  are  both  numerous  and  excellent,  and  we 
feel  quite  sure  that  the  volume  will  prove  a  most  valuable  addition 
to  our  knowledge  of  the  Cephalopoda. 


oaEsi^oi^ars  jlistid  i^iaooB3EiDi25ra-s. 


Gbologioal  Sooikty  or  London. 

L— May  27,  1891.— Sir  A.  Geikie,  F.E.S.,  President,  in  the 
€hair. — The  following  communications  were  read : — 

The  Secretary  announced  the  presentation  by  Sir  John  W.  Dawson, 
LLD.,  F.B.S.»  of  a  series  of  photographs  of  Nova-Scotian  Goal- 
Measure  Amphibia  and  Beptilia,  and  read  an  explanatory  note 
written  by  the  donor. 

Dr.  G.  J.  Hinds  remarked  that  additional  interest  attached  to  the 
genus  HylonomuB  from  the  fact  that  a  representative  of  it  had  lately 
been  discovered  in  the  Burnley  Coalfield,  and  described  by  Mr.  A. 
Smith  Woodward,  F.G.S.,  in  the  May  Number  of  the  Gbologioal 
Magazink  under  the  name  of  Hiflonomus  Wildi. 

1.  "  On  the  Lower  Jaws  of  Proeoptodon."    By  B.  Lydekker,  Esq., 

B.A.,  p.as. 

After  reviewing  Sir  B.  Owen*s  writings  upon  the  large  extinct 
Kangaroos  for  which  he  established  the  genus  Proeoptodon  in  1874, 
tbe  author  describes  two  mandibular  rami  from  the  clay  beds  of 
Hiall  Creek  in  the  neighbourhood  of  Bingera,  N.S.W.,  which  belong 
to  this  genus,  and  from  their  characters  and  a  comparison  of  them 
with  the  lower  jaws  in  the  British  Museum,  he  maintains  that  this 
part  of  the  skull  indicates  two  very  distinct  species  of  the  genus,  for 
which  he  retains  the  names  P.  rapha^  Ow.,  and  P.  goltah,  Ow., 
though  it  is  possible  that  the  types  of  those  two  species  are  really 
specifically  identical,  in  which  case  the  name  P.  pusio,  Ow.,  might 
have  to  be  adopted  for  one  of  the  species  described. 

2.  "On  some  recently  exposed  Sections  in  the  Glacial  Deposits 
at  Hendon."    By  Henry  Hicks,  M.D.,  F.B.S.,  Sec.  Geol.  Soc. 

In  this  paper  the  author  brings  forward  evidence  obtained  from 
Bections  exposed  in  gravel-pits  and  deep  cuttings  made  for  the  pur* 

Cof  laying  down  the  main  sewers,  to  show  that  Glacial  Deposits 
been  spread  out  to  a  much  wider  extent  over  the  Hendon 
plateau  than  had  hitherto  been  supposed,  and  that  they  had  reached 
down  the  slopes  to  below  the  ordnance-datum  line  of  2000  feet.  He 
further  mentions  that  there  is  evidence  to  show  that  these  deposits 
l>ave  extended  in  a  S.  and  S.W.  direction  across  the  Brent  and  Silk 
Valleys,  and  now  occur  on  most  of  the  heights  in  the  parishes  of 
KingBbury  and  Willesden.  As  the  sands,  gravels,  and  Boulderclay 
which  cover  the  Hendon  plateau  and  the  neighbouring  heights  are 
found  to  rest  o|i  an  undulating  floor  of  London  Clay,  and  to  follow 
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the  oonfours  of  the  hills  and  valleys,  the  author  considers  that  ii 
is  clear  that  the  main  physical  features  of  this  portion  of  N.W. 
Middlesex  were  moulded  at  a  very  early  stage  in  the  Glacial 
period,  and  before  the  so-called  Middle  sands  and  gravels  and  over* 
lying  Upper  Boulder-olay  with  Northern  erratics,  were  deposited. 
He  believes  that  at  this  time  there  could  have  been  no  barrier  of 
any  importance  to  prevent  these  deposits  from  extending  into  the 
Thames  Valley,  and  that  the  evidence  clearly  points  to  the  conclusioa 
that  the  implement -bearing  deposits  on  the  higher  horizons  in  the 
Thames  Valley  should  be  classed  as  of  contemporaneous  age  with 
the  undoubted  glacial  deposits  at  Hendon,  Finchley,  and  on  the 
slopes  of  the  Brent  Valley,  which  they  so  closely  resemble.  The 
author  is  therefore  satisfied  that  man  lived  in  the  neighbourhood 
of  the  Thames  Valley  in  the  early  part  of  the  Glacial  period ; 
probably,  he  thinks,  in  pre-Glacial  times. 


003E2rK.Es:E>035rx)Easram. 


CORRELATION  OF  QUATERNARY  CHANGES  OF  LEVELS  IN  NORTH 

AMERICA  AND  THE  CARIBBEAN  REGION. 
•  Sib, — Referring  to  Mr.  Jukes-Browne's  letter  in  this  Magazikb 
for  March  (p.  143),  and  to  his  and  my  preceding  articles  and  oorre« 
spondence  therein  cited,  I  have  to  reply  that  the  questions  which  he 
asks  are  manifestly  very  difficult ;  but  certain  points  may  be  noted 
which  partially  answer  them.  If  the  end  of  the  Tertiary  era  and 
beginning  of  the  Quaternary  were  characterized  by  elevation  of  the 
greater  part  of  the  North  American  continent  to  such  altitude  as  to 
give  a  much  cooler  climate,  and  by  a  contemporaneous  depressioa  of 
the  West  Indies  and  the  Isthmus  of  Panama,  allowing  a  large  |>art 
of  the  equatorial  Atlantic  current  to  pass  into  the  Pacific  Ooeon,  thei 
result  of  these  combined  conditions  being  the  accumulation  of  the 
See- sheets  of  North  America  and  Europe,  we  should  expect  to  find 
west  of  the  Gulf  of  Mexico,  as  Mr.  Jokes-Browne  suggests,  evidenoea 
of  recent  changes  of  levels.  The  subsequent  depression  of  the  oon* 
tinent  north  of  the  Gulf  and  the  uplift  of  tlie  West  Indies  and  the 
Panama  region,  bringing  the  present  relative  heights  of  land  and 
iiea,  may  have  produced  the  east  to  west  line  of  Assuring  and  faulting 
which  crosses  Mexico  near  19°  north  latitude,  shown  by  the  very 
temarkable  series  of  volcanoes  of  Tuxtla,  Orizaba,  Popocatepetl, 
Ixtaocihuatl,  Toluoa,  JoruUo,  and  Colima.  Farther  west,  this  line 
Of  disturbance  in  the  earth's  crust  probably  extends  to  the  volcanie 
Bevillagigedo  Islands.  Eastward,  after  crossing  the  base  of  Yucatan, 
it  appears  to  be  represented  by  the  Great  and  Little  Cayman  Islands, 
and  by  the  Sierra  Maestra  on  the  south  shore  of  eastern  Cuba,  with 
the  contiguous  "  Bartlett  Deep,"  a  very  profound  narrow  trough  of 
the  Caribbean  Sea,  reaching  from  Honduras  Bay  to  the  Windward 
Passage ;  and  thence  the  same  orographic  belt  is  continued  by  Santo 
Domingo,  Porto  Rico,  and  the  Windward  Islands,  with  the  very 
deep  oceanic  troughs  north,  south,  and  south-east  of  Porto  RioO 
(bathymetric  map  of  the  Caribbean  region,  A.  Agassiz,  Three 
Cruises  of  the  **  Blake,"  vol  L  fig.  67). 
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The  distorbanoes  along  this  belt,  bowever,  have  been  of  a  different 
order  from  the  uplifts  and  subsidenoes  which  have  affeoted  the 
whole  continental  area  northward  from  the  Gulf  of  Mexico,  as 
known  by  the  Pleistooene  submergence  of  river  valleys  and  Qords 
on  the  Atlantic,  Pacific,  and  Arctic  shores  of  North  America.  No 
leas  than  twenty  submerged  valleys,  some  of  them  extending  to 
depths  of  2000  to  3000  feet,  have  been  found  by  soundings  on  the 
ooast  of  California  by  Prof.  Oeorge  Davidson,  of  the  U.S.  Coast 
Surrey;  and  Prof.  Joseph  Le  Oonte  has  shown  that  the  time  of 
elevation  during  which  they  were  eroded  was  the  Pliocene  and  early 
Qaatemary,  which  also  included  the  plication  of  the  Coast  Bange, 
the  outpouring  of  the  lavas  forming  the  Cascade  Range,  and  the  fault-' 
ing  and  tilting  that  elevated  the  Sierra  Nevada,  Wahsatoh,  and  Basia 
Banges  to  their  present  height  (Elements  of  Geology,  new  ed.  1891 ; 
Bulletin  G.S.A.  vol.  ii.  1891,  pp.  323-330).  On  the  Atlantic  coast, 
too,  the  submerged  valleys  mentioned  in  previous  articles  were' 
doubtless  eroded  during  the  same  time.  Excellent  evidence  of  this 
is  given  by  the  submarine  channel  of  the  Hudson,  partly  a  profound 
igord,  extending  about  100  miles  beneath  the  sea,  and  descending  to 
the  depth  of  2844  feet;  for  samples  of  its  bottom  and  banks, 
brought  up  by  the  sounding- lead,  appear  to  belong  to  a  continuation 
of  the  Tertiary  sandy  clays  of  New  Jersey  (Am.  Jour.  Sci.  III. 
vol.  xxix.  pp.  475-480,  June,  1885 ;  vol.  xl.  pp.  425-437,  Dec.  1890, 
with  map).  These  deeply  submerged,  narrow  river  channels,  and 
the  similar  Arctic  fjords,  together  bear  testimony  of  a  late  Tertiary 
and  early  Quaternary  elevation  of  nearly  all  of  North  America  to 
BQch  altitude  that  the  resulting  colder  climate  would  induce  glaciation. 
So- widely  extended  oontinental  uplifting,  and  the  later  Pleistocene 
depression  of  the  same  area,  belong  to  a  class  of  the  earth's  crustal 
movements  which  Gilbert  and  White  have  called  epirogenic,  that  is, 
continent-making,  in  contrast  with  erogenic  or  mountain-making 
upheaval  and  subsidence. 

In  the  Caribbean  region  depressions  succeeded  by  elevation  during 
the  Quaternary  era,  which  are  known  from  the  raised  coral  reefs 
studied  by  Mr.  Jukes-Browne  and  others,  belong  to  erogenic  raove^ 
ments,  chiefly  by  faulting,  uplifting,  and  tilting,  which  have  taken 
place  on  a  most  grand  scale  in  this  era  throughout  the  chain  of  the 
West  Indies  and  Windward  Islands,  and  along  the  entire  Cordilleran 
belt  from  Cape  Horn  to  Panama,  to  the  Sierra  Nevada  and  Great 
Basin,  and  to  Mount  St.  Elias  and  the  Aleutian  Islands.  These 
mountain-making  disturbances  have  been  closely  related  with  thef 
.great  epirogenic  uplift  and  depression  of  North  America,  and  with 
their  duplication  in  two  distinct  Glacial  epochs,  divided  by  a  very 
long  interglacial  epoch  on  this  continent ;  but  to  attempt  discussion 
of  details  of  their  correlation,  or  to  speculate  upon  the  condition 
of  the  earth's  crust  and  interior  permitting  such  changes  of  levels, 
would  require  too  much  space  for  a  letter.  Some  notice  of  these 
matters  will  be  found,  respectively,  in  my  article  in  the  American 
Journal  of  Science  for  January,  1891,  and  in  my  appendix  of 
Wright's  "  Ice  Age  in  North  America." 
-       -SomRviLLB,  Mass.,  ^i»nV  6<A,  1891.  WarBBN  TJPHAH.    - 
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A  VARIETY  OP  PICRITE  (SCYELITE)  IN  SABK. 
Sib, — Bather  more  than  two  years  since  (Dec.  III.  YoL  YL  p.  109) 
I  wrote  a  description  of  a  variety  of  Piorite  which  I  had  found  in 
boulders  at  Port  dn  Moulin,  Sark,  stating  that  I  published  it,  as 
there  was  **  no  probability  of  my  returning  to  Sark  for  years,  if 
ever,"  in  the  hope  some  one  would  trace  this  interesting  rock  to  its 
home,  fiut  the  unexpected  often  happens:  last  summer's  work 
among  the  hornblende  schists  of  the  Lizard  determined  Mr.  Hill 
and  myself  to  re-examine  those  of  Sark,  and  in  the  process  of  this 
the  picrite  was  not  forgotten.  After  a  careful  search  along  the 
rocks  at  low  water  we  found  a  dyke  of  this  rock  at  the  foot  of  the 
cliffs  between  Port  du  Moulin  and  Saignie  Bay,  nearly  opposite  to 
(perhaps  rather  to  the  south  of)  the  Grand  Autelet  It  is  at  the  base 
of  a  little  spur  from  the  cliff  of  banded  gneiss,  into  which  it  is 
intrusive,  but  it  only  shows  for  a  foot  or  so  above  the  shingle,  in  two 
or  three  humps,  running  seawards.  In  this  direction,  about  fifteen 
yards  off  among  the  boulders,  is  another  boss.  I  have  examined  the 
rock  under  the  microscope.  The  olivine  is  not  so  well  preserved, 
there  is  rather  less  mica  and  more  hornblende  than  in  the  specimen 
described  in  1889 ;  it  is  not  quite  so  obviously  connected  with  the 
serpentines,  but  I  have  no  doubt  that  the  boulder  came  from  some 
part  of  this  dyke.  We  searched  the  cliffs  very  carefully  up  to  the 
further  side  of  Saignie  Bay  on  the  north,  and  for  some  distance  to  the 
south  of  Port  du  Moulin  without  finding  any  other  dyke.  We 
now  think  it  very  improbable  that  Ansted,  in  speaking  of  a  dyke 
of  serpentine  as  crossing  the  island,  referred  to  this  rock.  We 
reserve  further  particulars  for  a  paper  in  which  we  hope  to  com* 
jnunicate  to  the  Geological  Society  the  result  of  our  work  in  Sai'k. 

T.  G.  BONWBY. 


PETER  MARTIN  DUNCAN, 

M.B.  (LOND.).  F.R.8.,  F.Q.8.,  F.L.8.,  ETC. 
BoKN,  20th  Apeil,  1824.  Dibd,  28th  Mat,  1891. 
PsTBB  Mabtin  Dunoan  was  bom  at  Twickenham  in  1824,  and 
received  most  of  his  early  education  in  the  Grammar  School  there. 
After  leaving  this  he  lived  for  a  short  time  in  a  school  in  Switzerland, 
and  on  his  return  to  England  entered  the  Medical  Department  of 
King's  College,  in  September,  1842.  He  there  received  the  whole 
of  his  formal  scientific  training;  he  passed  the  preliminary  H.B. 
examination  with  honours  in  Anatomy  and  Physiology  in  1844,  and 
obtained  the  full  degree  in  1846 ;  he  was  elected  an  Associate  of 
his  College  in  1849.  Upon  the  conclusion  of  his  medical  studies, 
he  acted  for  a  time  as  assistant  to  a  doctor  at  Bochester,  whence  he 
removed  to  Colchester,  where  a  practice  had  been  purchased  for  him. 
Here  he  remained  for  many  years,  and  it  was  during  this  period  that 
he  published  his  first  scientific  essay,  which  consisted  of  *'  Observations 
on  the  Pollen  tube,  its  growth,  histology  and  physiology "  (1856). 
But  he  did  not  at  Colchester  secure  much  time  for  original  research, 
foi:  most  of  that  which  was  left  him  by  his  profession  was  occupied 
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hj  work  in  connexion  with  the  municipal  politics  of  the  borough^ 
in  which  he  seemB  to  have  played  a  prominent  part.  The  fact  that 
he  served  as  Mayor  shows  that  he  had  won  the  confidence  of  his 
fellow-townsmen,  while  the  admirable  arrangement  of  the  local 
Museum,  which  under  his  direction  was  reorganized  upon  lines  far 
in  advance  of  the  time,  is  a  sign  of  his  interest  in  the  educational 
institutions  of  the  town.  After  his  return  to  London  to  a  practice 
St  Blackheath,  he  was  able  to  spare  more  time  for  scientific  work, 
specializing  upon  the  Corals;  and  as  his  interest  deepened  in  the 
problems  which  these  presented  him,  he  was  led  to  abandon  lucrative 
prospects  in  his  profession  and  devote  himself  entirely  to  original 
research.  In  this  he  was  no  doubt  encouraged  by  the  reception 
accorded  to  his  first  palsdontological  papers,  which  were  read  in 
1863 ;  they  at  once  gained  him  recognition  as  one  of  the  ablest  of 
British  paheontologists ;  he  was  in  the  following  year  appointed  one 
of  the  Honorary  Seicretaries  of  the  Geological  Society,  and  two  years 
later  he  was  elected  F.R.S. 

After  leaving  Blackheath  he  settled  near  Regent's  Park,  but  he 
was  not  long  allowed  to  remain  in  retirement,  as  in  1870  he  was 
called  to  the  chair  of  Qeology  at  King's  College,  and  a  Fellowship 
followed  in  the  next  year.  Shortly  afterwards  he  accepted  also  the 
Professorship  of  Qeology  at  Cooper's  Hill,  and  he  held  both  appoint- 
ments till  his  death.  He  resigned  the  Secretaryship  of  the  Geological 
Society  in  1870  after  a  seven  years'  tenure  of  ofiice  through  a  period 
in  which  the  change  of  apartments  had  made  the  duties  more  than 
usually  onerous.  In  1872  he  was  elected  one  of  the  Vice-Presidents, 
an  office  which  he  held  till  his  promotion  to  the  Presidency  in  1876 
and  1877.  In  1881  he  was  awarded  the  WoUaston  Medal,  the  highest 
honour  which  the  Geological  Society  can  bestow.  Though  it  was 
the  Geological  Society  with  which  he  was  most  closely  connected,  he 
was  an  influential  member  of  other  scientific  bodies ;  he  served  on 
the  Council  of  the  Royal  Society  from  1876  to  1878,  was  President 
of  the  Geological  Section  of  the  British  Association  in  1879,  and  of 
the  Microscopical  Society  from  1881  till  1883.  By  his  resignation 
of  this  post  he  terminated  an  official  career  of  no  ordinary  useful- 
ness, and  retired  to  Gunnersbury,  where  he  passed  the  remaining 
years  of  his  life. 

On  turning  to  Prof.  Duncan's  scientific  work,  one  is  impressed  by 
the  enormous  amount  he  accomplished  and  the  wide  range  of  his 
interests  and  influence.  As  has  been  previously  remarked,  his  first 
paper  (1856)  was  botanical,  and  he  long  retained  his  interest  in 
the  subject,  his  last  paper  on  vegetable  physiology  being  published 
in  1874;  while  still  later  he  worked  out  the  parasitic  algee 
which  he  discovered  in  some  of  his  Silurian  Corals.  His  first 
important  work  was  the  series  of  five  memoirs  on  the  Fossil  Corals 
of  the  West  Indies,  a  subject  which  he  took  up,  as  at  that  time  he 
failed  to  get  the  necessary  facilities  for  the  study  of  the  recent  forms. 
The  subject  was  full  of  difficulty  ;  the  living  Corals  of  the  area  were 
but  little  known,  so  that  the  materials  for  the  comparison  of  the 
reoent  and  fossil  faunas  were  quite  insufficient  But  Prof.  Duncan 
attacked  the  subject  with   characteristic   energy,  and  his   sound 
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Dommon  sense  enabled  him  to  avoid  manj  a  pitfall ;  his  memoiif 
was  certainly  a  most  valuable  addition  to  the  knowledge  of  the 
later  Tertiary  Corals.  This  work  was  followed  by  a  long  list  of 
papers  and  monographs  in  which  he  described  the  Coral  faunas 
(especially  the  Cainozoio)  of  England,  Australia,  Tasmania,  India, 
Java,  Arabia,  and  Malta.  His  "  Britidi  Fossil  Corals  "  is  probably  one 
of  the  finest  contributions  to  English  PalsBontology  ever  published  by 
the  Palasontographical  Society  ;  it  was  so  mnch  more  modem  in  its 
methods  and  more  thorough  in  its  treatment  than  the  less  painstaking 
work  to  which  it  was  issued  as  a  Supplement. 

But  though  Prof.  Duncan's  interests  were  probably  at  first  rather 
Ecological  than  geological,  he  soon  became  absorbed  in  the  line  of 
work  which  he  had  been  led  by  circumstances  to  select*  He  early 
realized  that  the  detcription  of  the  anatomical  structure  and  the 
determination  of  the  systematic  position  of  a  fossil  did  not  constitute 
the  sole  duties  of  a  paleontologist  With  him  these  were  but  pre^ 
limiuary  to  the  consideration  of  the  affinities  of  faunas  and  their 
bearing  on  the  physical  geography  of  the  past  He  was  a  paheon- 
tologist  in  the  truest  sense  of  the  word,-^not  a  morphologist  who 
happened  to  study  extinct  forms,  but  a  geologist  who  used  fossils 
as  a  petrologist  uses  minerals.  Hence  his  early  work  on  the  West 
Indian  Corals  commenced  by  a  detailed  study  of  their  conditions 
of  fossilization  and  closed  by  a  discussion  of  their  evidence  as  to 
the  Cainozoic  physiography  of  the  Caribbean  region ;  similarly  his 
later  studies  of  the  European  Corals  led  to  his  striking  paper  on 
"  The  Physical  (Jeography  of  Western  Europe  during  the  Mesozoio 
and  Cainozoic  periods  elucidated  by  their  Coral  Faunas." 

It  was  probably  his  desire  to  check  the  conclusions  yielded  by 
the  Corals  that  led  him  to  take  up  also  the  study  of  the  Echinoidea, 
and  as  work  with  these  is  more  definite  than  with  the  former,  it 
yielded  him  some  of  his  most  interesting  conclusions.  He  com* 
menoed  with  the  Echinoids  of  beds,  the  Corals  of  which  he  had 
already  studied ;  among  the  most  remarkable  were  the  collections 
from  South  Australia,  which  he  described  in  a  series  of  papers  dating 
from  1864  to  1887.  It  was  apparently  his  interest  in  the  origin 
of  this  fauna,  with  its  mixture  of  Cretaceous  and  Cainozoic  genera, 
that  led  him  to  turn  with  such  zest  to  the  Indian  Echinoids,  which, 
in  conjunction  with  Mr.  Bladen,  he  monographed  with  great  detail 
and  care. 

Of  the  Mesozoic  Echinoidea  he  studied  with  especial  interest  those 
of  the  Cenomanian,  and  by  the  aid  of  the  small  collections  of  the 
Rev.  W.  F,  Holland,  in  Sinai,  and  Dr.  Carter,  in  South  Arabia,  he 
gradually  built  up  the  connexion  of  the  European  fauna  with  that 
of  Northern  India.  And  then,  by  his  comparison  of  those  of  the 
Peninsular  and  Extra-Peninsular  areas,  he  demonstrated  the  existence 
of  the  land  barrier  that  stretched  across  India  and  away  to  the  south-* 
west,  of  which  such  important  use  has  been  made  in  recent  con- 
troversy.  His  views  on  geographical  distribution  were  original  and 
had  been  carefully  matured  ;  his  lecture  on  '*  The  Formation  of  the 
Main  Land  Masses  "  showed  that  he  did  not  accept  the  view  of  the 
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p^rmatienoe  of  ooeans  and  oontinents,  a  subject  tipon  wbioh  his 
opinion  was  of  especial  value.  Another  of  his  contributions  to 
eborology  was  bis  paper  on  the  fauna  of  the  Alpine  Lakes,  perbapa 
tbe  most  serious  blow  ever  struck  at  the  theoiy  of  tbe  Glacial  origin 
of  tbe  Swiss  lake-basins. 

Bat  tbongb  Professor  Duncan  did  not  regard  morpbology  as  tbe 
bigbest  end»  be  did  not  by  any  means  neglect  it ;  tbus  our  know- 
ledge of  tbe  perignathio  girdle  of  tbe  Eobinoids  and  its  value  in 
eiassification  we  owe  mainly  to  bim;  wbile  bis  remarkably  sug- 
gestive and  original  essay  on  tbe  structure  of  tbe  ambulacra  of  tbe 
regular  Eobinoidea,  perbaps  bis  most  masterly  piece  of  work,  baa 
gained  tbe  bigbest  praise  from  men  prejudiced  against  bim. 

But  in  addition  to  bis  contributions  to  palieontology  be  bas  done 
much  in  zoology :  be  wrote  a  series  of  papers  on  tbe  anatomy  of  tbe 
Temnoplenridse,  SaleniidsB,  and  otber  groups  of  tbe  Ecbinoidea,  and 
described,  amongst  otbers,  tbe  Madreporaria  of  tbe  Porcupine 
Expedition,  tbe  Opbiuroids  and  Corals  of  Mergui,  and  in  conjunction 
wi^  bis  constant  collaborator,  Mr.  Sladen,  tbe  Ecbinodermata  from 
Greenland.  It  was  probably  bis  close  study  of  tbe  recent  forms  tbat 
made  bis  judgment  usually  so  sound,  wbile  tbe  knowledge  gained 
was  indispensable  for  tbe  preparation  of  bis  two  invaluable  works 
"Tbe  Bevision  of  the  Madreporaria"  and  bis  "Revision  of  tbe 
Geuera  and  Oreat  Groups  of  tbe  Ecbinoidea."  Tbe  former  was  issued 
in  1885,  and  consisted  of  diagnoses  of  every  genus  of  Corals  (ex* 
dndiog  Rugosa)  and  of  a  classification  wbicb  bas  not  yet  been 
supplanted.  His  Revision  of  tbe  Ecbinoidea  was  perbaps  still  finer, 
and  made  a  great  advance  in  our  knowledge  of  every  order.  Tbe 
application  of  bis  own  discoveries  on  tbe  ambulacral  structure 
enabled  bim  to  bring  tbe  Palecbinoidea  from  obaos  into  order,  and 
to  replace  tbe  artificial  arrangement  of  tbe  Diadematidad  by  a  natural 
olaasifioation ;  bis  previous  detection  of  tbe  fundamental  differences 
between  the  pits  of  Temnopleurua  and  tbe  fossettes  of  Temnechinui 
gave  bim  the  clue  to  tbe  arrangement  of  that  group ;  and  bis  sub«> 
Biitulion  of  positive  for  comparative  diagnoses  in  many  recent  genera 
bus  greatly  aided  tbe  comparison  of  tbe  fossil  and  deep-sea  types. 
But  his  use  of  tbe  perignatbic  girdles  in  another  order  was  less 
Bnooessful,  wbile  his  acceptance  of  Lovdn's  results  brought  bim  into 
conflict  with  some  continental  palsdontologists  regarding  the  classifi* 
cation  of  the  Spatangoidea.  By  these  two  Revisions  alone  Prof. 
Boncan  has  earned  the  gratitude  of  every  palsdontologist  and 
zoologist;  they  precisely  formulated  the  best  current  thought  of 
their  time,  and  have  given  a  firm  basis  for  future  work.  They 
most  be  indispensable  works  of  reference  to  every  student  of  these 
groups,  till  in  years  to  come  tbe  progress  wbicb  they  have  so 
largely  aided  has  rendered  necessary  a  new  revision,  and  until  some 
one  is  then  ready  and  able  to  undertake  the  enormous  labour  such 
a  task  involves. 

But  in  addition  to  tbe  Corals  and  Ecbinodermata,  Prof.  Duncan 
made  some  contributions  to  the  study  of  the  Protozoa  and  Sponges, 
while  his.olearness  aa  a  teacher  led  him  to  undertake  a  good  deal 
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of  lecturing  and  popalar  literary  work;  thus  he  edited  the  six 
Tolumes  of  "Casseirs  Natural  History,"  and  amongst  others  wrote 
a  primer  of  physical  geography,  a  volame  of  biographies  of  the 
^'  Heroes  of  Soienoe/'  a  paper  on  Voltaire's  attitade  to  geology,  and 
edited  recent  issaes  of  Lyell's  **  Students'  Elements." 

In  the  course  of  so  much,  and  sucb  widely  different  work,  it  was 
but  natural  that  Professor  Duncan  should  at  times  have  come  into 
conflict  with  his  fellow-workers,  however  msch  he  himself  detested 
controversy.  On  the  one  hand,  his  passionate  love  of  justice  led 
him  to  accept  the  names  of  the  pioneers  of  systematic  zoology,  and 
thus  his  nomenclature  has  been  in  places  rejected  by  the  younger 
school.  On  the  other  hand,  his  work  has  been  severely  criticised 
by  men  who,  caring  for  none  of  the  physiographical  problems 
Prof.  Duncan  set  himself  to  solve,  expected  him  always  to  unite  the 
detailed  precision  of  an  histologist  with  the  grasp  of  a  palaeontologist 
But  at  the  time  of  his  work  on  the  West  Indian  Corals,  for  example, 
such  investigations  would  not  have  aided  him  in  his  comparison  of 
the  recent  and  fossil  faunas ;  and  later  opinion  seems  far  more  in 
agreement  with  his  work  than  with  that  of  the  elaborate  monographs 
of  Michelotti  and  Duchaissang  that  immediately  followed  his.  But 
it  is  to  be  regretted  that  he  did  not  adopt  some  modem  methods 
quite  as  early  as  he  might  have  done,  especially  as  his  work  on  the 
TemnopleuridcB  shows  how  well  he  knew  how  to  use  them.  Another 
source  of  trouble  was  that  he  had  a  somewhat  aggravating  way 
of  giving  wrong  references,  which  brought  down  upon  him  the 
censures  of  those  who  seem  to  think  that  it  is  a  mere  matter  of 
detail  whether  the  species  be  rightly  identified  so  long  as  the 
reference  be  correctly  cited.  But,  loathing  controversy  as  he  did, 
he  ignored  criticism  as  far  as  possible,  and  perhaps  the  only  time 
when  he  was  really  roused  to  wrath  was  by  the  neglect  by  some 
recent  Echinologists  of  the  results  of  the  work  of  his  great  Swedish 
friend ;  the  vigour  of  his  onslaught  on  this  occasion  puzzled  those 
who  did  not  understand  his  devotion  to  the  man  to  whom  he  often 
referred  with  modest  reverence  as  *'  my  master  Loven." 

To  his  first  love,  the  Corals,  he  proposed  to  return  on  the  con* 
elusion  of  his  revision  of  the  Echinoidea ;  he  commenced  work  upon 
a  large  Indian  collection,  and  planned  a  supplement  to  his  Revision 
of  the  Madreporaria  in  which  he  intended  to  discuss  recent  criticism 
and  incorporate  subsequent  progress.  But  it  was  not  to  be :  he  was 
smitten  with  disease,  and  after  a  long  and  painful  illnen  quietly 
passed  away  on  the  early  morning  of  the  28th  of  May. 

The  fine  keen  sense  of  humour  which  remained  unblnnted  almost 
to  the  last,  the  genial  kindness  with  which  he  was  ever  ready  with 
help  especially  to  younger  men,  united  with  the  recognition  of  his 
sterling  worth  and  sound  judgment,  gained  for  him  wide  popularity 
and  esteem.  And  now  that  Prof.  Duncan  has  passed  to  his  well* 
earned  rest  not  only  is  the  world  the  poorer  by  the  loss  of  a  great 
palasontologist  and  of  a  strong  and  original  intellect,  but  a  wide 
circle  of  his  fellow-workers  have  to  mourn  J^he  departure  of  a 
trusted  friend.  J.  W*  G« 
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L— On  the  Sands  and  Gbavbls  Interoalatzd  in  thk 

BOULDEB-OLAT. 

By  O.  W,  BvLMAN,  M.A.,  B.Sc,  Corbridge-on-Tyiie. 

THE  interpretation  of  the  sands  and  gravels  intercalated  in  the 
glacial  drift  is  one  of  the  most  interesting  problems  in  glacial 
geology.  Do  they,  on  the  one  hand,  represent  the  deposits  of  one 
or  more  mild  intervals  alternating  with  periods  of  intense  cold  ;  or 
were  they,  on  the  other,  laid  down  during  one  continuoos  cold 
period  marked  by  such  slight  oscillations  as  can  be  shown  to  occur 
in  connection  with  existing  glaciers  and  ice-sheets  ? 

The  former  view  has  been  ably  advocated  by  geologists  of  repute 
—notably  by  Prof.  J.  Geikie — and  implies  the  belief  in  one  or  more 
intervals  of  mild  climate,  each  comparable  in  duration  to  the  cold 
period  which  it  followed  and  preceded.  It  is  founded  partly  on 
the  idea  that  the  sands  and  gravels  are  due  to  such  aqueous  action 
as  would  indicate  a  permanent  retreat  of  the  ice ;  and  partly  on 
some  few  mammalian  and  other  remains  found  in  them. 
Prof.  Oeikie  expresses  his  opinion  as  follows  : — 
1.  '*  The  till  itself  is  a  truly  glacial  deposit,  due  to  the  grinding 
action  over  the  surface  of  the  country  of  immense  masses  of  glacier 
ice.  But  no  one  will  doubt  that  its  intercalated  and  subjacent  beds  of 
silt,  sand,  and  gravel  have  had  a  very  different  origin.  They  occur 
i  in  such  layers  as  could  only  have  been  spread  out  by  the  action  of 
j      running  water."  * 

1  2.  "  We  have  found  that  there  is  abundant  proof  to  show  that  the 
I  accnmulation  of  a  moraine  profonde  by  one  great  ice-sheet  was  inter- 
I  mpted  several  times ;  that  the  ice-sheet,  vanished  from  the  low 
grounds,  and  even  from  many  of  the  upland  valleys,  and  that 
rivers  and  lakes  then  appeared  where  before  all  had  been  ice  and 
snow.  We  have  also  learned  that  during  such  mild  interglacial 
periods,  Oxen,  Deer,  Horses,  Mammoths,  Reindeer,  and  no  doubt 
other  animals  besides  these  occupied  the  land."' 

But,  admitting  such  evidence,  it  is  obvious  that  there  must  have 
been  not  one  but  several  such  mild  interglacial  periods.  And  so 
we  find  Prof.  Geikie  stating,  in  his  address  to  the  Geological  Section 
of  the  British  Association  at  Newcastle  in  1889,  that,  **  In  some 
places  three  or  more  such  boulder-clays  have  been  observed  over- 
I  »  •*  Great  Ice  Age,'»  p.  166.  «  Ditto,  p.  204. 

SBCAOB  III. — ^TOL.  TIU. — ^NO.  VIU.  22 


Digitized  by  VjOOQIC 


338  O.  W.  Bulman— Glacial  Geology. 

lying  one  another  tbrougbont  considerable  areas,  and  these  clays 
are  described  as  being  distinctly  separate  and  distinguishable  the 
one  from  the  other."  And  further : — "  Penok,  Bohn,  and  Bruckner 
find  evidence  of  two  interglacial  epochs,  and  maintain  that  there 
have  been  three  distinct  and  separate  epochs  of  glaciation  in  the 

And  according  to  Dr.  OroU's  views,  there  must  have  been  a  greater 
number.  For  his  calculations  indicate  that  the  glacial  epoch  lasted 
160,000  years,  and  dividing  this  into  periods  of  10,000 — the  time 
allowed  for  a  warm  interval — we  get  eight  such  mild  interglacial 
periods. 

Prof.  Oeikie  himself  divides  the  ice  age  into  periods  as  follows :  '-— 

1)  Pre-glacial  mild  period Fintbed. 

2)  Fiist  glacial  period      Cromer  Clay  and  oontorfted  beds. 

J)  First  interglwUl  mild  period      ...  {  ^^"^^^"^  ^'"' 

4)  Second  glacial  period   Great  chalky  Doolder-day,  etc. 

6)  Second  intergl^^lnuld  period  .-.{  ^^^SdH^^^"^ '""''"• 

6)  ThirfglaciJ  period     |  Piupfcdj^lower  bo,dder-d.y  of 

7)  Third  and  last  interglacial   mild  j  Hessle  graTel,  middle  sands,  etc., 

period /     of  Lancashire. 

8)L«tglaci«lperiod       {^T^l^"^^-^' 

With  regard  to  the  first  point  in  the  evidence,  two  suggestions 
occur: 

(1)  Beds  of  sand  intercalated  in  the  till  may  be  in  part  the  result 
of  the  action  of  the  ice  itself.  In  fact,  if  we  do  not  so  regard  them, 
the  composition  of  the  till  and  boulder  clay  is  a  difficulty  on  the 
iisual  hypothesis  of  its  origin.  The  products  of  glaciation  ars 
supposed  to  be  these  clays,  and  morainio  debris :  that  is  to  say,  very 
finely  ground  rock  matter,  forming  the  clay,  with  large  and  small 
stones  making  up  the  rest  of  the  till  and  the  morainio  matter.  But 
in  the  process  of  grinding  down  there  must  have  been  an  inter- 
mediate product,  viz.  coarse  and  fine  sand;  and  if  these  are  not 
represented  by  the  intercalated  sand  beds,  where  are  they?  And 
even  if  all  the  rock  matter  excepting  the  boulders  and  pebbles  had 
been  ground  down  to  the  fineness  of  the  sediment  forming  the  clay, 
it  is  difficult  to  understand  how  a  pnrely  siliceous  sand  could  ever 
become  plastic,  and  form  a  clay.  For  although  the  glacial  day  is 
at  times  sandy,  its  general  composition  does  not  permit  the  suppo- 
sition that  it  contains  all  the  sand  produced  by  the  grinding  down 
of  the  rocks  by  the  ice.  In  fact,  it  seems  almost  certain  that  sand 
must  necessarily  be  one  of  the  resnlts  of  ice  action ;  and  that  it 
should  occur  interstratified  with  the  till  is  as  natural  as  that  in  a 
river  deposit  sand  should  be  intercalated  with  gravel. 

And  in  his  "  Ice  Age  in  North  America,"  Dr.  Wright  speaks  of 
''the  sands  and  gravels  of  the  terminal  moraine"  of  the  Muir 
glacier  (p.  47). 

*  Bee  Brit.  Assoc.  Beporta,  1889,  pp.  566-368. 
2  Great  Ice  Age,  p.  393. 
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(2)  Tbe  products  of  stream  and  ice  action  would  necessarily  be 
mingled  during  the  oontinaance  of  tbe  cold  period.  For,  during 
nimmer,  ice  action  would  give  place  to  that  of  water  near  the 
termination  of  the  ice-sheet  or  glacier;  and  thus  truly  aqueous 
deposits  would  be  formed  over  the  glacial,  to  be  in  turn  overlaid 
by  the  latter. 

A  succession  of  exceptionally  warm  summers,  too,  might  cause 
tiie  temporary  retreat  of  the  ice — just  as  in  recent  years  a  suooes- 
rion  of  exceptionally  severe  winters  caused  the  formation  of  a 
veritable  glacier  in  one  of  the  Scotch  Talleys->and  permit  of  the 
formation  of  a  thicker  series  of  sands  and  gravels. 

And  as  near  tbe  extremity  of  a  glacier  or  ice-sheet  stream  action 
takes  the  place  of  that  of  ice  every  summer,  and  to  a  more  marked 
extent  during  a  succession  of  warmer  seasons,  so  we  should  expect 
to  find  the  retreating  ice,  as  the  glacial  epoch  passed  away,  followed 
by  a  series  of  mixed  fluTiatile  and  glacial  deposits. 

And  as  oscillations  in  the  extent  of  existing  glaciers  are  well 
known,  so  we  naturally  infer  it  was  in  the  past 

As  regards  the  present  day.  Prof  Prestwich  quotes  the  case  of 
a  glacier  which  has  advanced  a  mile  in  a  century,  and  that  in  a 
region  where  there  is  a  general  retreat  of  the  ice. 

And  Mr.  Lydekker,  in  his  account  of  the  Geology  of  Baltistan, 
Kashmir,  describes  one  glacier  which  is  retreating,  and  another 
which  is  advancing.    Thus  of  the  Tapsa  glacier  he  writes : 

'*A  comparatively  modem  terminal  moraine,  forming  a  dome- 
shaped  hill  covered  with  cypress,  bounds  the  cultivated  ground 
saperiorly ;  above  this  old  moraine  is  the  present  terminal  moraine 
of  the  glacier.  The  above  appearances  seem  to  indicate  that  the 
Tapsa  glacier  has  receded  by  small  gradations,  pausing  here  and 
there,  until  it  finally  attained  its  present  shrunken  dimensions." 

But  of  the  Palma  glacier : 

'*  Tbe  present  Palma  glacier  shows  pretty  evident  signs  of  being 
on  the  increase,  since  it  terminates  inferiorly  in  an  abrupt  and 
precipitous  wall  of  ice,  with  but  comparatively  little  debris  and  no 
distinct  terminal  moraine,  which  seems  to  have  been  overflowed  and, 
so  to  speak,  swallowed  up  by  the  glacier."  * 

The  possibility  of  lacustrine  action  in  glacial  times  is  also  sug- 
gested by  the  usually  received  interpretation  of  the  parallel  roads 
of  Glen  Boy.  These  are  held  to  have  been  formed  by  a  lake  caused 
by  the  blocking  up  of  the  lower  part  of  the  valley  by  ice.  While 
the  lake  stood  at  different  levels,  the  action  of  the  water  formed  a 
fleries  of  shelves  on  the  mountain  side  along  the  margin  of  tbe  lake. 
But  it  is  di£Bcult  to  resist  the  conviction,  that  if  the  lake  was  fed  by 
streams,  more  or  less  lacustrine  deposits  would  be  formed  in  it :  in 
other  words  that  gravel,  sand,  and  silt  would  be  laid  down,  and 
afterwards  overlaid  by  typical  glacial  deposits. 

And  stream  action  also,  it  is  well  known,  occurs  beneath  the  ice- 
sheet  and  glacier.     Springs,  for  example,  issuing  from  the  ground 
beneath  the  ioe,  will  cut  for  themselves  channels  through  it.     The 
>  Beeords  Geol.  Surr.  India,  toI.  m,  pp.  44-46. 
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great  thickness  of  the  ioe  itself  prevents  the  intense  external  oold 
reaching  such  springs,  and  they  may  continue  to  flow  during  the 
oold  period.  We  may  even  speculate  on  the  probability  that  in 
those  ancient  days,  so  much  nearer  the  period  of  Tertiary  volcanic 
activity,  warm  springs  were  more  numerous  and  powerful  than  they 
are  to-day.  At  first  sight  the  suggestion  doubtless  arises,  that  the 
springs  would  lack  their  usual  source  of  supply,  and  early  in  the 
glacicd  period  become  dried  up.  But,  in  the  first  plcuw,  the  surface 
ioe  is  constantly  melting,  and  the  water  at  times  sinking  down 
through  cracks  to  the  bottom ;  and,  in  the  second  place,  ioe  melts 
through  pressure  and  friction  such  as  occur  beneath  an  ice-sheet  or 
glacier,  lliese  two  sources  of  supply  might  still  feed  the  springs, 
and  serve  \o  increase  the  streams  formed  by  them. 

The  possibility  of  stream  action  beneath  a  great  continental  ice- 
sheet  is  indicated  by  a  study  of  that  of  Qreenland.  Explorers 
describe  surface  rivers  cutting  for  themselves  channels  between 
banks  of  ice,  and  all  finally  disappearing  by  plunging  down  through 
openings  in  the  ioe  to  the  bottom.'  These  rivers  then  probably 
flow  along  sub-glacial  channels  to  the  extremity  of  the  ice-sheet, 
eroding  the  rocks,  and  forming  fluviatile  deposits  as  they  go. 

In  connection  with  this,  it  may  be  noted,  that  it  is  held  by  many 
that  more  heat  was  received  from  the  sun  during  the  summer  of  the 
glacial  epoch  than  at  present,  and  that  consequently  this  surface- 
melting,  and  formation  of  rivers  would  be  on  a  larger  scale. 

And  in  "  The  Ice  Age  in  North  America,"  Dr.  Wright  notes  the 
occurrence  of  water-worn  debris  on  the  ice  of  the  existing  Mnir 
glacier :  <*  Here  a  vast  amount  of  water-worn  d6hrU  covers  the  ioe, 
extending  up  the  glacier  in  the  line  of  motion  for  a  long  distance." ' 

The  streams  issuing  from  the  extremity  of  the  ice,  indeed,  whether 
glaciers  or  ice- sheets,  are  frequently  not  formed  merely  by  the 
melting  of  the  ice  at  the  extremity,  but  are  actually  rivers  which 
have  run  for  considerable  distances  beneath  the  ice. 

Thus,  writing  of  the  glaciers  of  the  Alps,  M.  Rendu  describes 
sti'eams  running  beneath  the  whole  of  that  portion  of  the  ice-river 
which  descends  below  the  line  of  perpetual  snow  : 

"  When  we  traverse  the  Glacier  des  Bois,  at  the  bottom  of  each 
crevasse  we  admire  a  little  stream  of  fresh  and  limpid  water,  which 
appears  to  flow  over  a  surface  of  emerald.  These  streams  reach 
the  edges  of  the  glacier,  lose  themselves  among  the  stones  of  the 
moraine f  and  unite  again  beneath  the  ice  at  the  bottom  of  the  hollow 
which  contains  it  Other  streams  reach  the  same  destination  by  the 
openings  which  penetrate  to  the  bottom  of  the  glacier ;  and,  lastly, 
springs  and  waterfalls  fall  also  upon  the  banks  of  the  icy  river,  and 
take  the  same  direction;  so  that  we  are  sure  that  there  is  a 
subterraneous  river  which  flows  beneath  the  whole  extent  of  the 
glacier,  and  which  comes  to  light  only  at  its  lower  extremity."* 

And  what  we  must,  I  think,  regard  as  an  example  of  the  mingling 
of  aqueous  deposits  with  glacial  occurs  in  the  drift,  near  London. 

»  Nordenskiold,  Geol.  Mao.  Vol.  IX.  p.  393.  »  p.  62. 

^  *•  Glaciers  of  Savoy,"  Translation.    Editeiby  Prof.  George  Forbes,  pp.  166-7. 
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In  describing  the  middle  glacial  beds,  Mr.  Whitaker  writes: 
"  Besides  these,  however,  there  is  sometimes  a  layer  of  true  Boulder 
Clay  in  the  gravel,  that  is,  a  clay  that  contains  irregularly  rounded 
fragments  or  boulders  of  various  rocks,  the  surfaces  of  which  are 
furrowed  and  scratched  in  the  way  that  is  peculiar  to  stones  that 
have  been  dragged  along  by  masses  of  ioe  over  a  floor  of  rock. 
This  day  being  like  that  which  occurs  in  force  above  the  gravel, 
serves  to  link  the  two  deposits  together,  and  to  show  that  the 
glacial  conditions  which  seemed  to  have  reigned  supreme  during 
the  great  mass  of  Boulder  Clay  existed  also  during  the  deposition 
of  the  lower  bed,  though  to  a  less  extent."  ^ 

ITiis  layer  of  Boulder  clay  in  the  gravel  can  hardly  be  considered 
as  the  product  of  a  glacial  epoch,  followed  and  preceded  by  a  mild 
epoch  when  gravel  was  laid  down. 

And  there  is  another  way  in  which  true  river  sands  and  gravels 
may  be  intercalated  in  glacial  beds  without  the  intervention  of  a 
warm  interglacial  period.  They  may  be  preglacial  river  deposits 
pushed  on  by  the  advancing  ice  over  boulder  clay  already  laid  down. 

Such  preglacial  river  sands  and  gravels  must  have  been  abundant, 
and  it  is  usually  believed  that  a  part  of  the  work  of  the  ice  was  to 
sweep  these  down  the  valley.  What  more  likely  than  that  some 
of  these  deposits,  thus  pushed  on,  would  be  stranded  in  some  quieter 
spot  and  at  times  left  on  the  surface  of  already  deposited  till  ? 

In  writing  of  the  glaciation  of  South  Lancashire,  Mr.  A. 
Strahan  speaks  of  the  Boulder  clay  as  "sometimes  rudely  strati- 
fied," although  •'  usually  devoid  of  such  lamination  as  is  shown  by 
clays  deposited  freely  in  water." ' 

He  thus  further  describes  the  alternation  of  sheets  of  Boulder  day 
with  sand  and  gravel  in  certain  districts : 

"In  every  case  where  the  drift  attains  any  thickness,  as  in  a 
preglacial  river-valley,  or  the  maritime  plain  of  North  Flintshire 
and  Denbighshire,  it  is  found  to  consist  of  alternations  of  sheets  of 
Boulder-clay  with  sand  and  gravel,  the  beds  running  sometimes  for 
a  mile  or  two  without  interruption." ' 

Here,  again,  we  cannot  suppose  each  sheet  of  Boulder  clay  to 
represent  a  glacial  epoch,  and  each  separating  gravel  a  mild  period^ 
we  are  rather  bound  to  conclude  that  the  glacial  conditions  which 
produce  Boulder  clay  are  able  also  to  produce  sand  and  gravel; 
that  the  alternations  here  seen  are  due  to  merely  temporary  alterations 
of  condidonSf  as  between  summer  and  winter  or  small  oscillations  in 
the  extent  of  the  ice. 

The  section  at  Blackpool  is,  perhaps,  one  of  the  most  favourable 
to  the  hypothesis  of  a  mild  interglacial  epoch.  There  it  is  said  there 
are  two  Boulder  days,  separated  by  a  series  of  sands  and  gravels. 

This  series  of  beds  is  described  in  detail  with  a  section  by  Mr.  T. 
Mellai-d  Reade.« 

But  although  it  is  true  there  is  in  this  coast  section  a  lower  bed 

^  Geology  of  London,  Geol.  Surv.  Mem.  pp.  52,  53. 

»  Q-J.G.S.  vol.  xlii.  pp  378-4.  '  Op,  eit.  p.  393. 

«  Q.J.O.S.  vol.  xxzix.  p.  83. 
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of  Boulder  clay,  succeeded  by  a  series  of  sands  and  gravels,  which 
are  in  turn  overlaid  by  Boulder  clay,  the  general  relations  of  the 
beds  point  rather  to  a  partial  sorting  of  materials  produced  under 
one  set  of  conditions  than  to  such  a  great  change  as  that  implied  by 
a  passage  from  a  glacial  to  a  mild  climate. 

There  is,  in  the  first  place,  no  sign  of  the  denudation  of  the  lower 
bed  of  clay  before  the  deposition  of  the  sands  and  gravels,  or  of  the 
latter  before  the  deposition  of  the  upper  clay. 

Secondly,  the  series  of  sands  and  gravels  is  neither  so  extensive 
nor  continuous  as  might  be  expected  on  the  hypothesis  of  their  inter- 
glacial  origin. 

At  one  end  of  the  Blackpool  section,  for  example,  the  only 
separation  between  the  upper  and  lower  day  is  a  bed  of  sand  a  iam 
inches  thick. 

Further,  the  separation  into  upper  and  lower  Boulder-day  seems 
merely  local.  In  the  first  place,  Mr.  Beade  points  out,  that  in  a 
description  of  the  Blackpool  section  some  years  previously  by  Mr. 
Binny,  no  aeparation  of  the  day  by  sand  and  gravel  is  given  in  one 
particular  part  of  the  section  ufhere  there  is  such  a  eeparation  now. 
He  explains  this  on  the  supposition,  that,  as  the  section  is  now 
several  yards  further  inland,  the  separating  beds  now  visible  bad 
thinned  out  seawards.  And  he  suggests  the  probability  that  if  the 
beds  could  be  followed  inland,  the  upper  and  lower  days  would  be 
found  to  coalesce  in  a  similar  way.  llie  probability  of  this  is  further 
indicated  by  the  sections  in  the  neighbourhood. 

Thus  Mr.  Beade  describes  one  where  'Hhe  Boulder-clay  was 
divided  by  very  persistent  seams  of  sand^  though  in  places  these 
thinned  out  and  the  upper  and  lower  beds  coalesced  and  became 
one  without  observable  division."  In  other  cases,  <'  the  shingle  is 
divided  by  patches  of  Boulder-day;"  while  "irregular  sporadio 
patches  of  sand  occur  in  the  day." 

An  artificial  section  at  Sankey  Bridge  is  thus  described : — "  The 
Boulder-clay  was  here  penetrated  to  100  feet  below  the  surface^ 
the  last  20  feet  showed  5  feet  of  sand  mixed  with  coal-dust  and 
15  feet  of  day  with  bands  of  gravel.  A  sand  and  gravel  seam 
\2  feet  thick  was  passed  through  about  53  feet  from  the  surface. 
It  is  obvious,  I  think,  that  sands  and  gravel  and  boulder-day 
mixed  up  in  this  way  cannot  be  referred  to  distinct  glacial  and  inter- 
glacial  epochs.  And  if  we  admit  a  glacial  origin  for  such  patches 
and  layers  of  sand  and  gravel,  we  are  bound  to  admit  the  possibility, 
if  not  the  probability,  of  a  similar  origin  for  the  greater  development 
in  the  Blackpool  section. 

The  evidence  of  the  fossils  of  these  Lancashire  Drift  beds  is  also 
against  the  hypothesis  of  a  mild  intei^lacial  epoch. 

Thus  Mr.  Mellard  Reade  after  an  extensive  examination  of  the 
Moll u sea  found  in  them,  concludes  that  the  intercalated  sands  and 
gravels  are  not  separable  from  the  boulder  clays  by  their  oiganio 
remains,  ae  they  clearly  ought  to  he  on  the  hypothesis  of  a  mild  inter- 
glacial  period.  "My  object,"  he  writes,  "in  these  preliminary 
investigations  was  to  ascertain  if  there  were  any  organic  remains 
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bj  wbioh  the  drift-beds  might  be  separated  into  geological  horizons 
--because,  if,  as  some  maintain,  two  glacial  and  one  inter-glaoial 
period  are  represented  in  these  beds,  there  ought  to  exist,  a  priori, 
some  decided  distinction  in  the  Mollusoan  fauna.  I  have  utterly 
failed  to  detect  any."^ 

Tbat  the  limited  mass  and  area  of  these  sands  and  gravels,  and 
tbe  absence  of  signs  of  denudation  between  them  and  the  Boulder- 
clay,  is  decisive  evidence  against  their  being  the  deposits  of  a  mild 
interglacial  epoch,  comparable  in  duration  to  the  glacial  period 
itself,  is  indicated  by  a  consideration  of  what  would  probably  take 
place  during  such  an  interval,  and  by  a  study  of  post-glacial  sands 
and  gravels. 

For,  on  the  melting  of  the  ice,  river  action  would  be  intensified ; 
vast  quantities  of  morainic  matter  would  be  carried  down  by  the 
swollen  streams,  and  spread  out  over  the  boulder-clay  of  the  plains 
in  tbe  form  of  sand  and  gravel.  At  the  same  time  there  would  be 
denudation  of  the  boulder-clay  in  places,  and  some  of  these  denu- 
dation hollows  would  be  filled  again  with  gravel.  In  places  this 
sand  and  gravel  might  reach  the  sea,  and  form  marine  deposits. 

But  this  would  not  continue  for  very  long :  the  streams  would 
lose  their  carrying  power ;  the  gravel  would  no  longer  be  carried  to 
the  lower  grounds,  and  they  would  eommence  to  cut  their  channels 
through  the  gravel,  and  then  through  the  underlying  boulder-day. 

This  gives  a  clear  idea  of  the  unconformable,  denuded  junctions 
we  should  expect  to  find  between  the  sands  and  gravels  of  an  inter- 
glacial epoch,  and  the  boulder-clays  of  preceding  and  succeeding 
glacial  epochs.  And  such  a  course  of  events  is  indicated  for  the 
close  of  the  glacial  epoch,  and  the  incoming  of  the  present  mild 
climate  by  a  study  of  post-glacial  sands  and  gravels. 

In  Northumberland,  for  example,  a  considerable  thickness  of  such 
deposits,  known  as  the  "  Upper  Drift  Sands  and  Gravels,"  are  found 
overlying  the  boulder-clay.  At  the  junction  the  latter  shows  signs 
of  denudation  in  places,  while  the  overlying  beds  show  at  times 
clear  indications  of  being  in  part  composed  of  the  re-assorted 
boulder-clay.  And  since  the  formation  of  the  upper  beds  the 
streams  have,  in  many  oases,  cut  down  through  sand  and  gravel 
and  boulder-day  to  the  rock  below. 

Ought  we  not,  then,  to  look  for  some  evidence  of  a  similar  course 
of  events  in  the  relations  and  characters  of  the  beds  of  the  supposed 
interglacial  epoch  ? 

The  glacial  phenomena  of  the  Vale  of  Eden,  ks  described  by 
Mr.  Goodchild  (Q.  J.  G.  S.  1875),  point  rather  to  the  intermingling 
and  overlapping  of  the  action  of  ice  and  water  taking  place  more 
or  less  contemporaneously,  than  to  distinct  glacial  and  interglacial 
periods. 

A  few  sections  at  the  foot  of  Stainmoor,  Mr.  Goodchild  points  out, 

**  show  that  locally  a  threefold  division  of  the  drift  obtains."     Yet 

be  adds  a  little  further  on,  "  It  is  nearly  impossible  to  make  out  any 

definite  order  of  succession  in  the  drifts  in  the  lower  parts  of  the 

^  a.jr.a.S.  1874,  p.  124. 
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valley ;  the  few  sections  seen  show  plainly  enough  that  masses  of 
sand  and  gravel  pass  into,  and  are  interwoven  with  clay  drifts  in 
such  a  way  as  to  defy  any  attempt  at  separation  over  large  areas, 
although  single  sections  may  be  indicated  which  do  show  a  definite 
sequence." 

An  inspection  of  the  remarkable  series  of  sections  from  the 
cuttings  of  the  Settle  and  Carlisle  Railway  given  in  Mr.  Goodchild's 
paper,  showing  the  intimate  interweaving  of  stratified  sands  and 
gravels  and  laminated  clays  with  till  and  boulder  clay,  indicate  the 
utter  impossibility  of  referring  the  former  to  a  distinct  period. 

And  it  is  interesting  to  note  that,  ''towards  the  mouths  of  the 
rivers,  the  total  quantity  of  clay  in  the  whole  accumulation  of  drift 
steadily  decreases,  until  very  little  else  than  clean  sand  and  gravel 
is  to  be  found,  except  in  the  maritime  districts,  where  the  true 
boulder-day  comes  on."  For,  as  the  ice  descended  the  valley,  the 
greater  would  be  the  amount  of  aqueous  action,  and  the  less  that 
of  ice  proper. 

The  glacial  deposits  of  Lincolnshire,  and  the  neighbouring  parts, 
may  be  cited  as  apparently  favouring  the  view  of  interglacial  epochs. 

Mr.  Searles  Wood  (Q.J.G.S.  voL  xxiv.  p,  146)  divided  the  series 
as  follows : — 

Hessle  clay. 

Hessle  sand  and  grayel. 


Purple  clay. 

Sanos  and  giari 

Baaement  clay  (Chalky  boulder  clay). 


He  maintained  that  there  was  a  great  break  below  the  Hessle 
beds,  and  separated  these  from  the  glacial  series  altogether. 

Supporters  of  the  hypothesis  of  warm  interglacial  epochs  will 
find  evidence  for  these  in  the  intercalated  gravels,  and  in  the 
supposed  breaks  in  the  series. 

For,  the  result  of  the  survey  of  the  district  by  Mr.  Jukes-Browne, 
leads  him  to  place  another  break  between  the  chalky  boulder  clay, 
and  the  purple  clay,  although  he  repudiates  the  break  higher  up 
established  by  Mr.  Wood. 

A  consideration  of  the  facts  brought  forward  by  Mr.  Jukes- 
Browne  (Q.J.G.S.  vol.  xli.  p.  114),  in  bis  paper  on  the  Boulder  clay 
of  Lincolnshire,  shows  that  the  series  of  deposits — even  if  the 
above  division  can  be  shown  to  be  chronological — does  not 
necessarily  indicate  climatic  changes. 

In  the  first  place  the  chalky  clay  and  the  purple  clay  are  not 
found  together  in  one  district ;  the  former  occurs  on  the  west  of  the 
Wolds,  and  the  latter  on  the  east. 

"  In  East  Lincolnshire,"  says  Mr.  Jukes-Browne,  "  there  are  only 
three  localities  where  the  Brown  Boulder-day  comes  into  contact 
with  the  White  Boulder-clay."  And  after  describing  these  junctions, 
he  concludes  that  the  appearances  at  these  places  are  not  against  the 
supposition  that  the  brown  clays  pa$9  into  chalky  clay. 

Other  considerations,  however — which  do  not  appear  to  me  con- 
clusive— incline  him  to  conclude  that  the  two  clays  are  separable 
chrono  ogically.     But,  whether  this  is  so  or  not,  the  fact  remains 
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that,  in  the  absence  of  sections,  there  is  here  no  evidence  of  an 
interglacial  epoch  between  the  periods  of  the  chalky  and  purple  clays. 

Again,  glancing  at  Mr.  Jukes-Browne's  map,  one  is  inclined  to  ask, 
why,  on  the  hypothesis  that  the  formation  of  the  purple  clay  v)a$ 
$9b$equeni  to  that  of  the  Chalky,  none  of  the  former  was  laid  down 
on  the  latter  over  all  that  region  west  of  the  chalk  Wolds  where  it 
oocars;  while  at  the  same  time  it  does  occur  further  west  and  north 
away  fh)m  the  chalky  boulder  clay  ?  And  why,  on  the  other  hand, 
the  chalky  clay  is  not  found  beneath  the  purple  on  the  east  of  the 
Wolds? 

As  regards  the  division  between  the  purple  and  Hessle  clays, 
Mr.  Jukes-Browne  shows  that  the  sands  and  gravels  separating 
them  graduate  into  both  lower  and  upper  clays;  the  sand  beds 
containing  patches  of  boulder-day,  and  the  latter  beds  of  sand  in 
the  usual  way.  He  concludes  finally  that  there  is  no  break  between 
the  clays. 

The  presence  of  Oyrena  fiuminalU^  noted  by  Mr.  Wood  in  the 
Hessle  beds,  may  be  taken  as  an  indication  that  the  climate  was 
ameliorating  as  the  ice  gradually  disappeared. 

Prof.  Gkikie  points  to  the  Interglacial  beds  of  other  countries  as 
additional  evidence  of  mild  interglacial  periods  in  our  Northern 
hemisphere — he  claims  it,  in  fact,  from  every  country  yet  examined : 

"  In  every  country  where  the  glacial  deposits  have  been  studied,  we 
have  clear  proof  of  a  mild  interglacial  period  having  supervened."  * 

The  intercalated  beds  of  Switzerland  are  of  special  interest,  con- 
sisting as  they  do  of  seams  of  lignite  from  two  to  five  and  some- 
times even  twelve  feet  thick,  and  which  have  been  worked  for  fuel. 
They  are  made  up  of  the  remains  of  peat-forming  plants,  and  rest  on 
sand  and  clay,  beneath  which  is  the  grund-morane.  Remains  of 
Pines,  Oaks,  Birches,  Larches,  eta,  occur  in  these  lignites,  from 
which  Prof.  Heer,  has  inferred  that  the  climate,  at  the  time  of  its 
formation,  was  the  same  as  that  of  Switzerland  at  the  present  day. 

The  inference  drawn  by  Prof.  Geikie  is,  '<  that  the  great  mer  de 
glace  eventually  vanished  from  the  low  grounds,  and  the  glaciers 
shrunk  back  again  into  the  deep  mountain -valleys.  The  climate 
grew  as  mild  as  it  is  at  present.  Oaks,  Pines,  and  other  trees 
overspread  the  ground,  and  many  large  animals  became  denizens  of 
Switzerland.  That  this  condition  of  things  must  have  endured  for 
a  long  time  no  one  can  doubt  Nor  could  the  change  from  the 
intense  glacial  climate  of  the  great  mer  de  glace  have  been  other 
than  gradual.  The  glaciers  w^nld  slowly  retire,  and  many  ages 
would  elapse  before  the  condition  became  such  as  to  induce  the 
growth  of  Oak-trees.  After  the  genial  climate  that  nourished  these 
trees  had  lasted  for  untold  centuries,  the  cold  again  increased. 
Slowly  the  glaciers  crept  down  the  valleys.  Little  by  little,  year 
by  year,  they  continued  to  advance,  until  at  last,  escaping  from  the 
mountain- valleys,  they  deployed  upon  the  low  grounds.  And  now, 
encroaching  upon,   and  eventually  occupying   the  basins  of   the 

^  Great  Ice  Age,  p.  491. 
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Alpine  lakes,  they  crept  out  from  these  and  piled  np  great  end- 
moraines  npon  the  lower  grounds  beyond." ' 

Prof.  Heer's  inferenoe  as  to  climate  b,  however,  somewhat  incon- 
clusiTC.  Pine,  Oak,  Birch,  and  Larch  are  doubtless  native  trees  in 
Switzerland  at  the  present  day,  but  do  they  not  occur  up  to  snoh 
heights  that  they  might  easily  be  mingled  with  the  deposits  of  the 
present  glaciers,  especially  during  some  of  those  minor  oscillationa 
to  which  these  are  subject  ?  And  if  those  in  the  lignites  are  proved 
to  be  intercalated  with  glacial  deposits,  it  may  not  mean  any  more 
than  that  these  temperate  forms  of  vegetation  approached  the  ice 
of  the  glacial  period  as  nearly  as  the  same  trees  approach  the  ice 
of  to-day.  Bnt  the  evidence  that  the  growth  of  these  trees  was 
succeeded  by  a  glacial  period  is  less  satisfactory  than  that  it  was 
preceded  by  the  same. 

'Yhe  lignite  is  surmounted  by  sand  and  g^ravel  upon  which  are 
several  large  alpine  erratics,  lliis  is  certainly  suggestive,  but 
hardly  sufficient;  for,  to  quote  the  authors  of  the  l£inual  of  the 
Geology  of  India,  such  "  presumed  erratics  *'  are  the  ''  least  certain 
form  "  of  evidence  of  glacial  action.  And  in  considering  such  the 
enormous  carrying  power  of  Alpine  torrents  is  perhaps  too  much 
lost  sight  ot 

"But,"  says  Prof.  Geikie,  '*the  erratic  blocks  that  overlie  the 
lignite  are  not  the  only  evidence  of  this  second  advance  of  the 
glaciers.  That  the  ice  after  retiring  from  the  Jura  to  the  mountain- 
valleys  did  again  invade  the  low  country  had  been  inferred  before 
the  interglacial  character  of  the  lignite  beds  was  discovered.  It  had 
been  known  for  years  that  the  first  ground-moraine  and  ancient 
alluvium  were  overlaid  by  newer  ground* moraines,  terminal 
moraines,  and  alluvium ;  the  meaning  of  this  having  been  pointed 
out  by  Horlot  as  far  back  as  1864."  > 

The  facts  adduced  by  M.  Morlot,  however,  can  scarcely  be  con- 
sidered conclusive  evidence  of  two  glacial  epochs  separated  by  a 
prolonged  warm  interval. 

In  his  paper  he  speaks  of  two  glacial  periods,  a  general  mightf 
glaciation,  and  a  more  limited  heal  gladaUon.  The  evidence  adduced 
is  the  presence  of  "  diluvial  drift "  on  boulder-day. 

"  During  the  diluvial  period,"  he  writes, "  the  glaciers  had  entirely 
disappeared,  as  has  been  shown,  whilst  after  the  diluvial  period  the 
glaciers  returned,  leaving  on  the  diluvial  terrsoes  abundant  deposits."' 

M.  Morlot  mentions  examples  of  this  <'  diluvial  drift "  overlaid  by 
erraUcBf  and  others  of  the  same  drift  lying  upon  till ;  but  he  brings 
forward  no  ease  where  it  lies  between  glacial  beds. 

The  formation  of  the  loess  is  attributed  to  the  glacial  period. 
The  evidence  of  the  glacial  origin  of  the  loess,  however,  is  far  from 
certain,  nor  is  the  opinion  that  it  thus  originated  by  any  means 
universal  among  geologists ;  so  that  any  argument  drawn  from  its 
presence  on  supposed  interglacial  beds  is  inconclusive. 

1  Great  loe  Affe,  pp.  405-6. 

'  Edinburgh  Sew  Philosophical  JTomnal,  1865,  p.  14. 

*  Edin.  liew  PhiL  Joan.  1865,  p.  18. 
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ProC.  Geikie  agrees  with  M,  Morlot  as  to  the  relative  severity  of 
the  two  glacial  epochs : 

*'  The  glaciers  of  the  second  period,  although  of  very  much  larger 
dimensions  than  their  puny  descendants  of  to-day,  yet  were  them- 
nlves  but  pigmies  as  compared  to  the  gigantic  ice-flows  of  the  first 
period," 

But  surely  it  would  be  difficult,  or  even  impossible,  to  distinguish 
between  glacial  deposits  formed  at  two  distinct  epochs  of  such 
character  separated  by  a  mild  interval,  but  with  no  distinct  memorials 
of  the  latter,  and  a  series  of  deposits  formed  by  ice-sheets  and 
glaciers  continuously  or  intermittently  letiring.  If  the  ice,  after 
f;rBdualIy  retiring  to  a  certain  point,  made  a  prolonged  pause  before 
fiaally  shrinking  to  its  present  limits,  we  might  expect  to  find  two 
wfforenUy  distinct  sets  of  deposits  such  as  those  described,  and  one 
d  which  Indicated  a  much  more  limited  extent  of  ice.  In  fact,  all 
the  phenomena  of  these  Swiss  beds  here  mentioned  are  not  only 
possible  on  the  hypothesis  of  an  oscillating  and  intermittently 
retiring  body  of  ice,  but  are  exactly  such  as  we  should  expect  on 
this  view. 

And  Prof.  Prestwioh  does  not  consider  the  evidence  of  these  beds 
^nor  indeed  the  evidence  for  interglacial  periods  generally — as 
oondusive. 

"It  is  asserted,*'  he  writes,  **  that  in  Europe  there  were  interglacial 
periods  during  which  the  ice  disappeared  from  the  surface  for  great 
lengths  of  time.  But  either  the  evidence  is  insufficient  or  it  points 
to  slight  temporary  effects,  except  in  one  case,  which  is  of  more 
importance,  and  on  which  the  greatest  stress  is  laid,  namely,  that  of 
Durnten  in  Switzerland.  There  beds  of  lignite  with  mammalian 
remains  are  intercalated  between  two  glacial  deposits.  Admitting 
the  fact  that  the  lignite  rests  on  beds  of  undoubted  glacial  (ground- 
moraine)  origin,  and  that  the  trees  grew  on  the  spot  where  their 
Btnmps  and  remains  are  found,  it  by  no  means  follows,  as  contended, 
that  because  these  trees  are  all  of  species  now  living  in  Switzerland, 
the  temperature  was  that  of  Switzerland  of  the  present  day.  Ptntts 
iylve«trt«,  AhieB  exeeha,  the  Yew,  the  Birch,  and  the  Oak  flourish 
equally  in  Sweden  and  far  north  in  Siberia.  On  the  other  hand, 
there  is  one  species  of  Pintu  (P.  moiUana)  which  is  spread  over  the 
mountain  country  up  to  heights  of  7000  feet,  and  is  rare  in  the  low 
lands ;  while  one  of  the  Mosses  is  closely  allied  to  a  species  now 
growing  on  the  hills  of  Lapland.  The  few  species  of  Mammalia 
have  a  distinctly  northern  facies.  Elephas  primigenim,  E,  aniiqum, 
Ursus  Mpelaua,  as  also  CervfiB  elaphfUf  and  Bos  primgeniut,  are 
commonly  associated  with  the  Reindeer,  Musk,  eta,  and  other 
Arotio  animals  of  the  cold  post-glacial  times. 

Is  the  return,  therefore,  of  the  retreating  glacier,  supposing  the 
houlder-gravel  above  the  lignites  of  Durnten  to  be  due  to  direct 
ice-action,  to  be  ascribed  to  anything  more  than  a  comparatively 
slight  temporary  change  of  climate,  like  those  that  now  for  a 
■oooession  of  seasons  cause,  from  time  to  time,  a  temporary  advance 
of  the  glaoierSy  only  more  marked?    We  must  allow,  of  ooursci 
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for  greater  differenoes  and  longer  intervals  of  time  tban  now 

obtain But  the  beds  of  stratified  sand,  gravel,  and  boulders 

overlying  the  lignite  are  more  likely  to  have  been  the  result  of 
glacial  torrents  than  of  the  direct  super-position  of  the  ice  which 
may  have  again  approaohed,  bat  is  not  proved  to  have  ever  covered 
the  spot"' 

{To  be  concluded  in  our  Sepicviber  Number,) 


II. — Notes  on  the  **  Pleibtocknb  Beds  "  of  Grozo. 
By  J.  H.  CooKB,  F.G.S. 

IN  the  year  1874  a  letter  signed  by  Messrs.  Feilden  and  Maxwell 
appeared  in  the  Malteae  Journal  "  II  Barth,"  in  which  attention 
was  drawn  to  a  Post- pliocene  deposit,  said  to  have  been  found  in  the 
vicinity  of  Cala  Dueira  and  II  Eala,  in  Gozo. 

A  specimen  of  the  deposit^  together  with  a  number  of  shells,  that 
were  found  in  the  bed,  were  forwarded  to  Prof.  Seguenza,  who, 
after  having  examined  them,  expressed  an  opinion  that  the  discovery 
was  one  of  much  importance.  From  that  time  to  this  no  further 
attention  appears  to  have  been  paid  to  the  matter. 

During  the  latter  portion  of  the  summer  of  1890  I  was  engaged 
in  investigating  the  geology  of  the  Dueira  district,  and,  it  was  in  the 
course  of  one  of  my  expeditions  that  I  first  discovered  evidences  of 
the  bed  to  which  Messrs.  Maxwell  and  Feilden  had  alluded  seven- 
teen years  ago. 

Cala  Dueira  is  a  small  bay,  which  is  situated  at  the  western 
extremity  of  Gozo.  Its  southern  and  eastern  shores  are  bounded 
by  mural  cliffs  of  Lower  Coralline  Limestone,'  that  tower  above  the 
level  of  the  sea  to  a  height  varying  from  150  to  200  feet 

In  consequence  of  a  fault,  that  extends  from  Monsciar  at  the  head 
of  Wied-el-Arab  to  Dueira,  the  eastern  boundary  of  the  bay  has  been 
let  down,  and  the  cliffs  are,  therefore,  no  more  than  20  feet  high  in 
some  parts,  while  towards  the  west  the  strata  shelve  gradually  off, 
and  finally  disappear  in  the  sea. 

At  the  mouth  of  the  bay  there  is  an  outlier  of  the  Lower  Coralline 
Limestone,  which  is  known  as  the  "  Fungus  "  or  "  General's  "  rock. 
It  once  was  apparently  a  continuation  of  the  now  depressed  northern 
boundary.  The  bay,  itself,  forms  the  embouchure  of  the  Dueira 
valley,  the  catchment  area  of  which  is  bounded  on  either  side  by 
a  fault  of  considerable  magnitude.  That  on  the  northern  side 
extends  from  the  *'  General's  "  rock  to  the  northern  base  of  the  hill 
known  as  Ghar-Ilma.     The  down-throw  that  has  resulted  from  this 

>  Q.J.G.8.  1888,  pp.  402-8. 

^  The  following  taole  shows  the  order  in  which  the  Maltese  formations  occur:— 


Dr.  Murray's 
Classification. 
I.  Upper  Coralline  Limestone. 
II.  Green  Sands. 

III.  Clay  beds. 

IV.  GloDigerina  Limestone. 

V.  Lower  Coralline  Limestone. 


Capt.  Spratt  and  Dr.  Adam's 
Classification. 
I.  Upper  Coralline  Limestone. 
II.  Sand  bed. 

III.  Marl  beds. 

IV.  Freestone. 

y.  Lower  Limestone. 
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firactnre,  has  depressed  the  area  to  the  sonth  of  it  to  about  40  feet 
below  the  top  surface  of  the  Lower  Limestone  escarpment,  that  lies 
exposed  along  the  line  of  fault. 

The  fault  on  the  southern  side  of  the  bay  extends  from  Dueira  via 
Monsoiar  to  Miggiar  Scini,  and  the  result  of  its  fracture  has  been  to 
depress  the  area  to  the  north  of  its  line. 

The  accompanying  map  will  show  the  relative  positions  of  these 
two  faults,  and  the  effect  that  they  have  had  on  the  area  that  lies 
between  them. 


::i»lhi«iTa. 


Map  ow  a  Pabt  of  thb  Island  of  Gozo,  nbab  Malta. 
Explanation. 
a.  Upper  Coralline  Limestone ;    b.  Qreen  Sands ;   e.  Marl ; 
d.  Globi^rina  Limestone  ;  e.  Lower  Limestone ; 
/.  line  of  fault  which  has  disappeared  North  of  Ghar-Ilma  ; 
f.  line  of  fanlt  extending  to  Monsaar,  and  thence  to  Miggiar  Scini ; 
A.  Pleistocene. 

The  strata  that  have  thus  been  let  down  are  much  broken  and 
displaced ;  and,  on  the  southern  slope  especially,  there  are  several 
minor  faults,  all  of  which  wend  in  a  direction  that  is  at  right  angles 
to  the  main  fracture. 

The  beds  on  both  sides  of  the  valley  slope  at  varying  angles,  in 
many  cases  the  inclination  being  as  much  as  45°  and  even  60^  out 
of  the  horizontal.  The  beds  dip  inwards,  and  the  result  of  the 
synclinal  depression,  whidh  has  thus  been  formed,  is  the  Dueira 
Talley,  the  bed  of  which  is  represented  by  the  trough  of  the  syncliue. 
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The  fioutbem  slopes  are  very  oniform  in  outline ;  bnt  thoise  on  the 
northern  side  are  divided  into  a  series  of  smaller  valleys  or  gnllies, 
down  which  miniature  torrents  pour  their  waters  for  a  few  occasional 
hours  in  the  winter  time. 

The  deposits  of  which  the  valley  is  composed  do  not  consist  of 
the  Lower  Coralline  Limestone  as  is  repi^sented  in  the  Geological 
Map  of  the  Island,  which  was  published  by  Dude,  Spiatt,  Adains, 
and  Murray.  On  the  contrary,  the  Lower  Limestone  is  entirely 
absent  save  where  it  is  exposed  along  the  lines  of  faults  that  bound 
the  valley  ;  and  the  deposits  consist  of  all  of  the  beds  that  are  found 
interstratified  between  the  uppermost  and  the  lowermost  of  the  series. 
The  Globigerina  Limestone  is  the  predominant  rock  ;  but  the  hloe 
and  yellow  olays,^  and  the  Greensands,'  are  also  to  be  found  in  tiiu 
along  the  southern  slopes. 

Fringing  the  upper  portion  of  the  sides  of  the  valley  the  Lower 
Limestone  may  be  seen  marking  the  line  of  fault,  with  the  Globi- 
gerina beds  of  the  undisturbed  district  above  it,  and  those  of  the 
depressed  area  beneath  it  The  former  relation  that  existed 
between  the  depressed  area  and  its  surroundings  is  therefore 
distinctly  apparent 

I  have  entered  thus  into  detail  because  some  misapprehension 
appears  to  have  formerly  existed  with  reference  to  the  geology  of 
this  part  of  the  island.  Instead  of  being  a  valley  of  erosion  similar 
to  the  Eaura,  the  Scini  Sclendi,  Asel  and  the  Tebbug  gorges,  it  is 
simply  a  depressed  area,  which  has  been  let  down  by  the  dislocation 
of  the  strata  on  either  side  of  it.  It  is  also  important  that  these 
details  should  be  carefully  considered;  as  on  their  correct  repre- 
sentation depends  the  evidence  that  must  be  adduced  for  proving  the 
the  relationship  which  formerly  existed  between  the  Pleistocene 
deposits  found  in  the  valley  below  the  line  of  fault,  and  those  found 
on  the  summit  of  the  slopes  above  it 

It  was  while  engaged  in  noting  the  points  of  difference  between 
the  geology  of  the  district,  as  it  is  represented  on  Ducie*s  map,  and 
that  which  actually  exists,  that  I  first  came  across  the  Pleistocene 
bed  which  I  am  about  to  describe. 

Starting  at  the  head  of  the  valley  and  proceeding  towards  its 
mouth,  the  Globigerina  strata  will  be  observed  sloping  down  the 
valley  side  at  angles  of  varying  magnitude;  and  breaking  off 
abruptly  towards  the  lower  part,  thus  forming  cliffs  of  from  10  feet 
to  16  feet  in  height.  Fringing  the  slopes  that  lie  beneath  these 
escarpments,  there  is  a  bed  of  white  limestone,  overlying  a  bed  of 
yellowish  grey  loam. 

The  deposit  may  be  traced  for  some  distance  down  the  valley ; 
but  in  some  places  owing  to  the  denuding  action  of  several  small 
streams,  that  have  cut  their  way,  it  will  be  found  to  occur  iu 
patches  only. 

It  is  elevated  at  a  height  of  from  20  to  30  feet  above  the  present 
bed  of  the  valley ;  and  it  extends,  East  and  West  for  a  distance  of 
about  thirty  yards,  and  North  and  South  for  about  fifteen  yards. 
1  Bed  III.  «  Bed  U. 
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It  18  lentionlar  in  shapei  but  breaks  off  abruptly  at  the  lower 
fide,  and  an  escarpment  is  thus  formed,  which  shows  the  maximum 
thickness  of  the  bed  to  be  about  7  feet,  while  at  the  extremities  it 
thins  out  to  18  inches  and  a  foot. 

Its  upper  surface  is  extremely  hard;  and  like  the  surfaces  of 
the  surronnding  strata,  it  has  been  considerably  honeycombed  and 
otherwise  weather-worn. 

The  materials  of  which  it  is  composed  are  Tory  uniform,  both  in 
general  appearance  and  in  arrangement.  They  consist  for  the  most 
part  of  fine  detrital  matter,  the  product,  apparently  of  the  erosive 
action  of  the  atmosphere  on  the  Upper  Coralline,  the  Greensands 
and  the  Globigerina  beds. 

The  deposit  is  divisible  into  two  well-marked  zones,  the  most 
persistent  features  of  each  of  which  are  the  irregularity  of  its 
divisional  planes  and  its  non- crystalline  character. 

The  top  zone  consists  of  an  impure,  perfectly  formed  limestone 
of  a  whitish  colour,  and  it  is  usually  overlain  by  a  thin,  stalagmitio 
layer  of  about  one  inch  or  less  in  thickness. 

A  chemical  analysis  showed  a  sample  of  this  bed  to  consist  of 
about  80  per  cent  of  carbonate  of  lime. 

In  many  parts  of  the  bed,  minute  perforations  are  noticeable 
traversing  the  rock  in  all  directions.  They  vary  considerably  both 
in  length  and  in  the  diameter  of  the  bore.  None  of  them  exceed 
-^ffth  of  an  inch  in  diameter,  while  many  of  them  are  much  less. 

These  capillary  tubes  often  play  an  important  part  in  determining 
the  direction  in  which  the  rock  cleaves.  They  are,  however,  not 
persistent  throughout  the  formation,  and  are  more  numerous  in  some 
parts  than  in  others. 

This  upper  division  of  the  deposit  is  very  fossiliferous ;  but, 
owing  to  the  imperfect  character  of  the  rock,  the  Mammalian 
remains  are  seldom  found  in  a  perfect  condition,  and  even  when 
found  entire,  they  are  often  so  rotten  that  they  fall  to  pieces  under 
the  slightest  pressure. 

Besides  large  quantities  of  land-shells,  and  mammalian  remains, 
the  teeth  and  vertebratsB  of  Sharks,  Echinoderms,  several  species 
of  Corals,  and  other  representatives  of  a  marine  fauna  occur.  All 
of  these  latter  have,  however,  been  derived  from  the  Globigerina 
Limestone. 

The  following  is  a  list  of  the  organic  remains  that  I  have  found 
m  this  bed. 

Mabinb. 
Two  teeth.      (Oxyrhina  hastilis). 
One  tooth.      Oxyrhina  ziphodon, 

(Both  of  these  species  are  characteristic  of  beds  2,  3,  and  4.) 
FlabeUum,  Zoantharia,  and  Corallines.     One  Eohinoderm  {Schiz- 
a$ter,  sp.). 

Land  bhxlls.* 
ffelix  vermieulata  (Miill.)  (common).        MeUx  virgata  ?  Kont. 
Helix  pisana  (Miill.)  (common).  Helix  eapertUa  ?  Mont. 

HeUx  ttriata  (Diap.).  Fomatiaa  melitensis  (Sow.). 

*  Kindly  identified  hy  Mr.  E.  A.  Smith. 
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FOKAXniIFERA. 

In  the  washings  of  about  two  pounds  of  the  material,  the  following 
species  were  observed : 

OrbuHna  univertaf  d'Orb.  Truneatulina  tm^eriana,  d'Orb. 

Glohigerina  bulloidet,  Nodosaria  sp.  ?  (broken). 

Cristellaria  sp.  P  Nodotaria  wliquettriata,  ReoM.  (broken). 

CloffuHno  eylindrieaf  Hantken.  Many  fragments  of  others. 

Of  the  land  shells  the  most  numerous  are  those  belonging  to  the 
Helicidad. 

The  specimens  are  always  found  in  an  excellent  state  of  preserva- 
tion, and  in  some  oases  even  the  original  colour  of  the  bands  being 
preserved.  Minute  specimens  of  Helix  tnrgata^  appear  present  in 
the  greatest  abundance ;  and  by  washing  a  portion  of  the  deposit  in 
a  sieve,  considerable  quantities  of  them  may  be  obtained. 

Next  in  descending  order  occurs  a  layer  of  yellowish  grey  loamy 
earth,  but  the  transition  between  it  and  the  overlying  limestone  is 
so  gradual,  as  to  render  it  a  matter  of  considerable  difficulty  to 
determine  where  the  one  ends  and  the  other  begins. 

Being  of  a  loose  texture  the  bed  easily  disintegrates,  and  thus,  by 
undermining  the  superincumbent  strata,  it  causes  portions  of  them 
to  break  away  from  the  main  mass  and  roll  down  the  slopes. 

This  loam,  like  the  overlying  limestone,  abounds  in  fossil  land- 
shells  ;  but  no  Mammalian  remains  appear  to  be  present  Water- 
worn  pebbles  of  all  shapes  and  sizes  are  to  be  found  interspersed 
throughout  every  part  of  the  bed ;  but  in  the  loam,  though  they 
are  more  numerous  than  in  the  indurated  rock  above ;  they  are,  in 
the  aggregate,  much  smaller.  An  examination  of  a  number  of  these 
pebbles  shows  that  they  have  been  derived  from  the  three  great 
limestone  formations  of  the  islands  (Beds  I.  lY.  and  Y.)  in,  approxi- 
mately, the  following  proportions : — 

Bed    I.  Upper  Limestone    10  to  15  per  cent. 

Bed  lY.  Globigerina  Limestone 60  to  70      „ 

Bed  Y.  Lower  Limestone    20  to  30      „ 

Black  Limestone     10  to  16     „ 

All  of  these  pebbles  are  much  harder  than  the  rock  from  which 
they  were  derived;  and,  when  broken,  they  usually  present  the 
appearance  of  a  hard  external  ring  of  rock  of  a  semi-crystalline 
character,  within  which  is  encased  a  nucleus  of  limestone,  that  is 
similar  in  every  respect  to  the  rock  of  the  bed  from  whence  the 
pebble  bed  had  been  derived. 

This  change  in  the  external  part  of  the  pebble  is  apparently  dae 
to  the  infiltration  of  the  limewater,  which,  after  depositing  its  burden 
of  lime  in  the  interstices  of  the  stone,  slowly  evaporated,  and  thos 
leaves  the  stone  more  compact  and  of  a  closer  texture  that  when  the 
water  was  first  absorbed  in  it.  The  same  phenomenon  is  observable 
wherever  the  Limestone  beds  of  the  Maltese  Series  crop  out  as  s 
surface  deposit. 

Another  remarkable  feature  of  this  Pleistocene  bed  is  the  extra- 
ordinary quantity  of  Black  Limestone  pebbles  that  occur  in  it. 

Notwithstanding  a  diligent  search  in  the  district  around,  I  was 
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unable  to  discover  any  traces  of  a  formation  partaking  of  the 
lithological  characteristics  of  these  pebbles,  to  which  they  might 
have  been  referred. 

Proceeding  down  the  valley  in  a  westerly  direction,  four  mounds 
of  blae  and  yellow  clay  (the  marl  beds  of  Spratt  and  Adams),  are 
to  be  seen  resting  conformably  on  the  southern  slope,  at  an  elevation 
of  about  20  feet  above  the  bottom  of  the  valley ;  and  in  two  cases, 
the  black  and  yellow  sands,  that  are  invariably  found  to  overlie  the 
stratum,  are  also  present. 

On  the  summits  of  these  day-beds,  there  occur  other  patches  of 
the  Pleistocene  deposit;  but  unlike  those  portions  that  have  just 
been  described,  these  are  not  in  siH,  but  have  been  formed,  ap- 
parently, by  the  degradation  of  beds,  that  were  originally  deposited 
higher  up  tiie  slopes.  The  materials  of  which  these  cappings  are 
oompused  appear  to  differ  but  little  from  these  of  the  other  portions 
of  the  bed,  save  in  the  total  absence  of  perfect  shells,  and  the 
oomminuted  condition  in  which  the  fossil  bones  are  found.  Such 
are  the  principal  characteristics  of  the  Pleistocene  deposits  that  are 
found  along  the  southern  slope  of  the  Dueira  valley. 

The  following  sketch  shows  the  relative  positions  of  the  subdivisions. 


o  o  o  o  o^o 

o  ^    O  O  <>  O  o 


B 


A.  Greyisli,  non-crystalline,  sliffhtly  indurated  limestone.     Helices  and  other  land- 

■hellB  occur  in  abundance  ;  out  no  Mammalian  remains  appear  to  be  present. 

B.  Limestone  of  a  similar  character  to  A,  but  interstratified  with  irregular  layers  of 

stalagmito.    These  layers  vary  from  ^  to  i^  of  an  inch  in  thickness. 

C.  A  layer  of  boulders  ana  pebbles,  all  of  which  hare  apparently  been  derived  from 

beds  IV.  and  Y.    Some  of  the  boulders  measure  eighteen  inches,  and  two  feet 
in  leDc:th  ;  and  all  of  them  are  rounded,  and  otherwise  much  water-worn. 

D.  Loam  intermixed  with  quantities  of  smaller  pebbles.    Black  limestone  pebbles 

occur  in  this  layer  in  abundance. 
£.  A  yellowish  grey  loam,  similar  in  every  respect  to  that  which  occurs  at  the  base 
01  the  other  deposits.     It  abounds  with  Helices  and  other  land-shells,  but  no 
Mammalian  remains  were  found  in  it 

If,  now,  the  road  which  winds  up  the  hill-side  towards  Gkbel-ta- 
Ben-Giorgio,  be  traversed,  the  observer  wiH  pass  from  the  Globi- 
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gerina  Limestone  of  the  depressed  district,  across  the  line  of  fanlt 
marked  by  the  Lower  Limestone,  to  the  Globigerina  above  it. 

On  the  right-hand  side  of  the  pathway,  that  runs  throngh  this 
elevated  region,  and  at  a  distance  of  about  a  quarter  of  a  mile  from 
St.  Oeorgio,  another  remnant  of  the  deposit  may  be  seen. 

Passing  down  the  hill  again,  and  crossing  to  the  northern  slopes 
of  the  valley,  another  development  of  similar  accumulations,  of  even 
greater  extent,  will  be  met  with. 

These  beds,  however,  present  many  striking  points  of  dissimilarily 
to  those  on  the  opposite  side  of  the  valley.  Like  the  deposits  on  the 
southern  slope,  they  extend  in  an  east  and  west  direction,  and  lis 
unconformably  on  the  Globigerina  Limestone.  They  occupy  a  kind 
of  platform  on  the  hill-side,  and  towards  the  lower  boundary  they 
break  o£f  and  form  an  escarpment  of  from  6  to  8  feet  in  height 
Approaching  the  valley  from  the  Kaura  Oorge,  an  excellent  section 
of  the  bed  is  to  be  met  with  about  150  yards  down  the  slope.  Its 
face  forms  the  northern  boundary  of  a  field,  a  large  portion  of  the 
soil  of  which  has,  apparently,  been  derived  from  the  deposit.  This 
section  shows  the  bed  to  be  made  up  of  a  number  of  layers,  each 
of  which  differs  in  a  most  marked  manner  from  those  above  and 
below  it. 

It  will  be  seen,  therefore,  that,  though  agreeing  in  some  respects 
with  the  formation  on  the  opposite  side  of  the  valley,  there  are  also 
many  important  points  of  dissimilarity. 

The  most  striking  of  these  may  be  seen  in  the  following  table  of 
comparison. 

Deposit  on  ths  Southbbk  Sidb.  Dxposit  ok  thb  Northern  Side. 

a.  BoulderB    are    comparatiTelj    small,      a.  BonlderB    are   lar?e,    and    are   dis- 

and  are  interspersed  throughoat  ike  tribated  in  well-defined  layers, 

bed.  b.  The  loam  is  overlain  by  alternating 

b.  The  loam  is  orerlain    by  a  single  layers  of  pebbles,  boulders,  lime- 

layer  of  limestone.  stone  and  stalagmite. 

c.  Mammalian  remains.  c.  No  Mammalian  remains. 

The  distinct  evidences  of  stratification  that  are  apparent  in  every 
part  of  the  beds  offer  unequivocal  proofs  of  their  aqueous  origin  ; 
and  that  is  a  conclusion  that  is  still  further  borne  out  by  the  rounded 
and  otherwise  water-worn  state  of  the  pebbles  that  occur  so  plenti- 
fully in  them.  The  finer  materials,  the  pebbles,  the  shells,  and 
the  Mammalian  remains  have  all  apparently  been  collected  from  the 
surface  of  the  surrounding  country  by  the  agencies  of  freshets,  and 
inundations  of  a  similar  character. 

From  the  evidences  afforded  by  the  nature  and  position  of  the 
various  portions  of  the  deposits,  it  would  seem  as  though  the  surface 
configuration  of  the  district  has  undergone  changes  of  a  marked 
description  since  these  beds  were  formed.  Thus  the  occurrence  of 
patches  of  the  bed  both  above  and  below  the  line  of  fault  would 
seem  to  indicate  that  their  deposition  must  have  taken  place  ante- 
cedent to  the  downthrow  to  which  the  now-existing  valley  owes 
its  origin. 

What  the  immediate  causes  were  that  gave  rise  to  the  flood- waters, 
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it  18  not  my  parpose  here  to  attempt  to  determine.  That  no  ordinary 
floods  saoh  as  now  oooasionally  occar  in  the  winter  months,  effeoted 
the  work  of  erosion  in  the  Kaara  and  Daeira  distriots  is  a  fact  that 
no  one  wonld  feel  inclined  to  dispute,  after  seeing  the  preoipitous 
and  rugged  sides  of  the  Eaura  Gorge,  a  yalley  of  erosion  that  lies 
a  few  hundred  yards  to  the  north  of  the  Dneira  valley.  The 
denuded  condition  of  the  surface  in  these  localities  points  to  the  action 
of  torrential  volumes  of  water ;  and  it  was,  probably,  to  the  oooasional 
overflow  of  these  from  their  ordinary  ohannels,  combined  with  the 
transporting  action  of  the  rain  on  the  slopes,  that  the  deposits  that 
form  the  subject  of  this  artiole  owe  their  origin. 


ni.— Ok  Obtboobratitss  vaoinatus,  Sohlothkim. 

By  Abthvb  H.  Foobd,  F.G.S. 

Royal  Dnblin  Society. 

I  HAVE  lately  been  favoured  by  Dr.  W.  Dames  with  a  separate 
copy  of  a  communication  made  by  him  to  the  Neues  Jahrbuch 
far  Mineralogie,  etc.,^  dated  Berlin,  18th  December,  1890,  in  which 
he  points  out  that  in  my  Catalogue  of  Fossil  Cephalopoda,  British 
Mnaenm  (Nat.  Hist)  part  L  (1888)  I  have  (following  Eichwald*) 
wrongly  -referred  a  certain  *' smooth'*  species  of  Endoeeras  from 
Beval  in  Esthonia,  to  the  Orthoceratites  taginatus  of  v.  Schlotheim, 
—a  ribbed  species.  Dr.  Dames  states,  in  the  above  communication, 
that  he  was  asked  by  Dr.  Lindstrom  of  Stockholm  (at  the  time 
when  the  latter  was  occupied  with  his  edition  of  the  "  Fragmenta 
Silurica'*)  if  he  could  inform  him  to  what  species  v.  Schlotheim 
had  given  the  name  Orthoceratites  vaginatue.  Dr.  Dames*  reply  to 
this  question  was  inserted  by  Dr.  Lindstrom  in  the  midst  of  a  very 
fall  table  of  synonymy  of  OrihoceraB  [EndoceraB"]  vaginatum,*  and  in 
that  rather  obscure  situation  it  escaped  my  notice.  The  reply  in 
question  was  to  the  effect  that  the  examples  of  v.  Schlotheim 's  type,) 
sent  by  Dr.  Dames  from  the  Berlin  University  Museum  to  Dr.  Lind- 
strom, were  without  doubt  v.  Schlotheim's  species.^  The  latter 
(widely  distributed  in  Esthonia,  Sweden,  and  Oeland  ^)  has  more  or 

^  1891,  Band  i.  Zweites  Heft  Breifl.  Mittheil  iL  p.  210. 

*  Leth.  Boflsica,  1860,  yol.  i.  p.  1248. 

'  Fragmenta  Silorica,  Angelin  and  Lindrtrdm.  1880,  p.  2. 

*  Tbe  following  is  a  transladon  of  v.  Schlotheim's  description  of  **  Orthoceratites 
vaginatus"  (Petrefactonknnde,  1820,  p.  63):— ''Yerr  beautiful  and  instructire 
examples  from  Beval,  in  Uebeig.  Kalkst.,  some  part  still  in  the  matrix,  some  free, 
and  only  about  five  inches  Ion?  to  a  diameter  of  one  inch ;  besides  separate  pieces  of 
its  remarkable  siphuncle.  Of.  Enorr,  pt  iii.  snppl.  t.  ivb.  and  Breynii  opuscula, 
t.  T.  f.  2b.  f  where  this  Ortiiooeratite,  together  witn  its  elegant,  somewliat  cylindrical 
siphonde  is  tolerably  well  portraTcd.  The  lenc:th  and  thickness  attained  is,  it 
appears,  very  considerable,  wnilst  the  siphuncle  b^onging  to  it  is  found  of  consider- 
able stoutness.  Its  relation  to  the  other  part  of  the  Orthoceratite  is  so  important 
that  it  almost  appears  as  a  part  of  the  sheU-wall  of  the  latter.  It  runs,  moreover, 
close  to  one  side  of  the  shell,  which  in  most  of  the  representations  of  it  is  not 
prop^ly indicated,  and  its  protuberances  have  somewhat  of  a  screw  shape;  very 
ornamental,  as  if  elaborately  designed.  The  shell  itself  is  very  distinctly  oblique, 
with  sharp,  somewhat  forwardly  projecting  lines,  striated  in  the  direc^on  of  the 
ehambers,  which  latter  are  bent  inwards  somewhat  stronger  towards  the  siphuncle." 

*  An  island  in  the  Baltic,  off  the  east  coast  of  Sweden. 
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less  distinct  transverse  oostsd,  and  is  also  covered  with  oonspicuons 
transverse  strise.  On  the  other  hand,  the  species  described  by 
Eichwald  under  the  name  OrthocercM  vaginatum  (and  by  the  present 
writer  under  that  of  EndoeeroB  vaginatum)  has  a  ''smooth"  test, 
numerous  chambers,  and  a  remarkably  large  siphunde,  larger  ia 
fact  than  that  of  v.  Schlotheim's  species.  Doubtless,  continues  Dr. 
Dames,  Eichwald  was  led  into  this  error  by  v.  Schlotheim's  citation 
of  a  figure  in  Breyn  (Dissertatio  physica  de  Poiythalamiis,  etc., 
1732,  p.  36,  t.  Y.  £E1  1--4),  which  apparently  represents  a  smooth 
Orihoeeras,  Dr.  Dames  then  goes  on  to  say  that  the  spedmens 
called  Orthoeeratite$  vaginatus  by  ▼.  Schlotheim  himself  in  the 
palsBontological  collection  of  the  Royal  Museum  of  Natural  Histoiy 
in  Berlin  are  all  typical,  well-preserved  specimens  of  Orthocerai 
vaginatum,  with  ring-like  swellings  [oostss],  and  distinct  strisB. 
AVhen,  observes  Dr.  Dames,  v.  Schlotheim  published  his  '' Petre- 
factenkunde"  [1820],  he  possessed  only  Esthonian  specimens;  but 
later  on  he  received  several  from  Oeland,  and  as  they  were  identical 
with  the  others,  he  placed  them  in  the  same  species,  and  labelled 
them  accordingly.  In  the  Catalogue  of  Schlotheim's  collection, 
printed  in  1832  (p.  32),  Oeland  is  mentioned  as  the  locality,  and 
the  quotation  from  the  *' Petrefactenkunde "  has  been  added.  It 
therefore  appears,  says  Dr.  Dames,  that  in  his  reference  to  Breyu 
T.  Schlotheim  has  compared  a  species  with  Orthoceras  vaginaUm 
that  has  no  connexion  with  it.  Concluding  his  remarks.  Dr.  Dames 
says  that  all  the  specimens  in  y.  Schlotheim's  Collection,  which  he 
[v.  Schlotheim]  has  named  Orthoceras  vaginatum,  belong  to  the 
8|.>ecies  (recognized  as  such  by  all  authors  except  Eichwald  and 
Eoord)  which  is  distinguished  by  its  transverse  ribs  and  striae. 

In  strict  equity  v.  Schlotheim's  name  vaginatus  ought  long  ago  to 
have  been  superseded  in  favour  of  Hisinger's  trochleare^  because  the 
former  was  admittedly  inadequately  described,  while  the  latter  was 
not  only  described,  but  figured,^  in  an  intelligible  manner.  It  is  true 
that  Hisinger  had  an  inkling  of  the  form  to  which  y.  Schlotheim 
had  applied  the  name  Orthocerag  vaginatum,  for  he  inserts  that  name 
(though  with  a  note  of  interrogation  after  it)  under  his  description 
of  Orthoeeras  trochleare.  That  v.  Schlotheim's  description  of  Oriho- 
eeras vaginatum  was  unintelligible  even  to  those  who  had  abundant 
specimens  of  it  at  their  command,  is  clearly  proved  by  the  fact  that 
Dr.  Lindstrom  was  obliged  to  appeal  to  the  type-specimens  in  Berlin 
to  ascertain  what  was  the  species  to  which  v.  Schlotheim  had  applied 
that  name. 

However,  in  deference  to  Dr.  Lindstrom's  authority,  added  to  the 
testimony  afforded  by  the  specimens  at  Berlin  under  the  care  of 
Dr.  Dames,  I  cannot  but  assent  to  the  adoption  of  Schlotheim's 
name  for  the  species  in  question,  and  I  take  this  opportunity  also 
of  tendering  my  thanks  to  Dr.  Dames  for  pointing  out  the  error  into 
which  I  fell  with  reference  to  Eiohwald's  species.     On  oomparinn^ 

^  Lethsea  Suecica,  1837,  p.  28,  Tab.  ix.  fig.  7.  The  name  Orthoeertu  C^&MlMvrw] 
trochleare  appears  to  have  been  originally  oestowed  by  Dalman.  See  Hisinger's 
Auteokningar  i  Physik  och  Geognoeie,  femte  haftet,  1831,  p.  12,  Tab.  iT.  fig.  8. 
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a  specimen  of  the  latter  in  the  British  Museum  with  the  Endoeeraa 
zaddaehi  of  Schroder,^  I  can  see  no  reason  for  changing  the  opiniou 
I  formed  about  it  when  writing  part  i.  of  the  Catalogue  of  Fos^ 
Cephalopoda,  viz.  that  the  two  species  are  identical.  The  vaginatUs 
of  Eichwald  (non  Schlotheim)  becomes  therefore  a  synonym  of 
taddaehi,  Schroder,  and  not  vice  versa,  as  in  my  Catalogue. 


JV. — Phtsioal  Studies  op  an  Amoibnt  Estuary.' 
By  the  KeT.  A.  Ibviho,  D.Sc,  P.G.S. 

IT  is  needless  to  recapitulate,  for  the  information  of  the  readers 
of  the  Gbolooioal  Magazine,  all  the  incidents  which  are 
known  to  accompany  the  formation  of  new  land  by  rivers,  or  to 
repeat  the  descriptions  which  have  been  given  of  the  more  remark- 
able instances  of  them,  such  as  those  of  the  Nile,  the  Mississippi; 
the  Gfauges,  the  Rhone,  the  Po,  and  the  Danube.  These  have  been 
Bcientifioally  discussed  long  ago,  by  Lyell  in  his  Principles.  The 
object  of  this  paper  is  rather  to  suggest  how  a  careful  collation 
of  such  facts  as  may  be  learned  in  oonnexion  with  the  formation 
of  modem  deposits  at  the  mouths  of  great  rivers,  or  in  great 
estuarine  areas  (such  as  the  Wash),  which  receive  a  number  of 
streams  from  widely-extended  inland  catchment-basins,  may  throw 
light  upon  the  history  of  older  formations  of  the  same  kind,  and 
more  especially  of  those  of  Tertiary  times,  during  which  many 
important  changes  were  wrought  in  the  physiography  of  the 
continent  of  Europe. 

As  instances  of  the  work  done  by  rivers  in  making  new  land, 
especially  when  aided  by  tidal  action,  within  historic  times,  one 
might  cite  the  case  of  the  Po,  co-operating  with  the  Alpine  rivers 
which  come  down  from  the  Venetian  Alps,  forming  a  great 
series  of  lagoons  around  the  head  of  the  Adriatic  Sea,  or  the 
advance  of  the  land  upon  the  sea,  which  has  placed  the  town  of 
Bavenna  (a  sea-port  under  Augustus)  several  miles  from  the  shore ; 
or  again,  the  proved  advance  of  the  delta  of  the  Rhone  upon  the 
Mediterranean,  which  has  been  found  to  place  the  Tower  of  St. 
Louis  a  league  or  so  further  from  the  shore  in  the  short  space  of 
a  single  oentury.  But  these,  and  such  cases  as  these,  are  hardly 
necessary,  when  we  have  here  in  our  own  Humber  the  formation 
of  Sunk  Island  within  the  course  of  a  few  centuries.  This  island 
(so-called)  is  probably  well  known  to  Torkshiremen,  but  perhaps 
a  comparatively  small  number  of  them  are  aware  of  its  importance, 
from  a  geological  point  of  view,  as  a  testimony  to  the  work  done  by 
rivers  in  compensating  to  some  extent  the  work  of  degradation  and 
denudation  of  the  higher  parts  of  the  country,  which  is  ever  in 
progress,  year  in  year  out  This  island  has  been  formed  by  the 
deposition  of  sedimentary  materials  by  the  rivers  Onse,  Trent,  and 
Hull,  as  their  onward  flow  has  been  checked,  and  their  transporting 

^  Schrift.  der  phyrikal-5konoiii.  Gesell.  zn  Eonigsberg,  Jahrg.  xxii.  Abth.  i.  p.  93, 
Taf.  iy.  ff.  6,  a-d. 
^  Paper  read  before  the  British  Aasooiation,  Seotion  C,  at  the  Leeds  Meeting,  1890. 
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power  proportionately  lessened,  by  the  oonnter-force  of  tbe  tides, 
rashing  up  the  estuary  of  the  Humber ;  a  prooess,  to  the  reality  of 
whioh  every  'dredge*  employed  bears  testimony.  This  process, 
which  the  French  geologists  aptly  term  <  atterrissemeni,'  is  well 
exemplified  in  tbe  fact  that  Sunk  Island  (a  genuine  island  under 
Charles  11.,  then  just  raising  its  head  above  the  water-line)  presented 
140  years  ago  an  area  of  1500  acres,  and  was,  even  then,  being 
brought  under  cultivation.  About  the  beginning  of  the  present 
century  its  acreage  was  doubled  to  8000  actually  under  cultivation ; 
and  in  1854  the  survey  returns  gave  between  6  and  7  thousand 
acres,  showing  that  in  the  present  century  the  rate  of  alluvial  deposit 
taking  plaoe  has  greatly  increased.  The  saying  of  the  first  Napoleon 
that  Holland  naturally  belonged  to  France,  because  it  was  made  up 
of  the  mud  of  a  French  river  (aa  he  considered  the  Bhine),  is,  I 
dare  say,  well  known. 

Prof.  Green  in  his  valuable  and  deservedly  popular  text-book  of 
'*  Physical  Geology  "  has  discussed  the  geologiced  principles  involved 
in  the  formation  of  a  great  series  of  estuarine  deposits,  with  their 
constant  alternation  of  fresh- water,  brackish,  chemical  and  terrestrial 
formations,  their  current-bedding,  and  the  wedge-shaped  interlacing 
or  interdigitation  of  beds  of  different  mineral  composition.  This 
interdigitation  arises  for  the  most  part  when  a  series  of  rivers 
draining  tracts  of  country  of  different  lithological  character,  con- 
verge to  a  common  estuary ;  but  in  cases  where  the  deposits  have 
been  laid  down,  and  the  process  of  atterrissement  has  gone  on,  in  the 
neighbourhood  of  the  month  of  one  great  river  (with  perhaps  minor 
affluents)  this  characteristic  is  less  marked,  and  we  then  find  that 
the  vertical  variation  of  the  rock-character  of  the  series  constitutes 
its  principal  feature,  the  successive  deposits  being  traceable  over 
miles  of  country. 

My  own  studies  of  the  Bagshot  Beds  of  the  London  Basin  have 
led  me  to  regard  them  as  in  the  main  a  mixed  series  of  fiuviatile» 
terrestrial  and  truly  estuarine  deposits,  laid  down  under  some  such 
conditions  in  later  Eocene  time.  There  is  a  general  vertical 
sequence  traceable  through  the  area,  as  Prestwich  recognized  long 
ago,  with  variations  laterally  of  percentage  of  lithological  con- 
stituents and  homogeneity  of  structure,  of  the  several  beds.  By 
the  term  'estuarine'  I  mean  to  indicate  those  deposits  whid[L 
are  laid  down  in  the  open  area  into  which  the  river  flows,  and 
to  which  the  ocean-tides  have  access;  a  connotation  supported 
both  by  etymology  and  the  usage  of  earlier  writers  on  geology. 
Such  deposits  are  thus  distinguished  in  a  real  sense  from  those 
whioh  are  deltaic  or  fluviatile.  A  parallel  case  might  be  cited 
in  the  still  older  Eocene  series  known  as  the  Lignitiferons  Series 
of  the  Soisonnais;  a  series  of  numerous  alteniations  of  sands, 
clays,  and  beds  of  lignite,  while  the  fossils  met  with  indicate 
a  special  r%ime;  shells  of  moliusca  essentially  vMrine  (as  O^trea 
and  PectunetduB)  occurring  along  with  others  (such  as  Melanta^ 
Melanopsis,  Neritina,  Ceritkium)  which  are  known  to  prefer  the 
mouths  of  great  rivers  for  their  habitat,  while  such  strictly  fresh- 
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water  shells  as  Taludina  are  also  found.^  Now  the  Bagshot  Series 
do  uot  present  us  with  quite  such  a  complex  of  alternating  conditions 
as  is  recorded  in  the  Lignitiferous  Series  of  the  Soisonnais :  they 
nUber  mark  a  progressive  series  of  changes  from  strictly  fluviatile 
conditions  to  those  which  prevail  in  a  marine  estuaiy.  The  physical^ 
the  sircUigraphical,  and  the  pal<B4miolog%cal  lines  of  evidence  all 
agree  in  testifying  to  this  fact;  a  fact  that  can  only  be  satisfaotorily 
explained  by  the  phenomenon  of  a  slow  subsidence  with  inter- 
mittent pauses  of  long  duration,  during  which  the  relative  levels 
of  sea  and  land  remained  pretty  stationary.' 

The  starting  point  in  the  investigation  of  the  physical  history  of 
the  London  Bagshots  was  the  discovery  of  the  organic  origin  of  the 
green  cdowring  matter  which  is  so  commonly  found  in  these  sands  at 
oertaib  horizons.  Yarioos  salts  of  iron  are  formed  in  this  way, 
which  ultimately  break  up  by  exposure  to  atmospheric  oxygen; 
their  non-metallic  constituents  are  resolved  into  carbonic  acid  and 
water,  while  the  iron  is  precipitated  as  limonitio  mud.  So  com- 
pletely was  this  proved  to  be  a  true  process  of  nature,  that  I  was 
able  to  make  it  the  basis  of  a  process  for  the  purification  of  water 
eootaminated  by  dissolved  vegetable  matter,  for  which  a  patent  was 
granted  me  in  the  year  1885.  Not  only  limonite  but  iron  pyrites 
is  formed,  the  latter  by  the  sulphur,  furnished  by  the  decay  of 
vegetable  albuminous  matter,  attacking  iron.  Both  these  minerals 
are  of  very  common  occurrence  in  the  Lower  and  Middle  Bagshot 
strata ;  and  both  serve  as  cementing  material  for  nodides  which  we 
frequently  meet  with  both  in  the  sands  and  in  the  more  sandy 
varieties  of  clay.  Even  lignite  in  a  fragmentary  state  is  not  un- 
oommon,  reminding  us  of  the  great  brown-coal  deposits  of  the 
Continent  of  about  the  same  age. 

llie  limoniU  is  deposited  in  large  and  small  concretionary  masses, 
and  sometimes  in  continuous  layers,  resembling  in  every  way  that 
which  is  dredged  up  from  the  Swedish  and  Canadian  lakes,  to  be 
utilized  as  iron-ore;  the  excellent  quality  of  Swedish  iron  being 
largely  due  to  the  fact  that  a  pure  chemical  precipitate  of  iron  oxide 
is  thus  made  the  basis  of  its  manufacture.  As  there  the  conditions 
of  primeval  forest  prevail  over  a  large  proportion  of  that  Arohiean 
region,  and  the  decay  of  forest  litter  furnishes  the  acid  solvents  for 
the  leaohing-out  of  iron  from  the  rocks,  the  iron  being  precipitated 
as  the  water  undergoes  oxygenation  in  the  shallow  lakes ;  so  here 
in  this  ancient  Eocene  delta  vegetation  has  by  its  decay  furnished 
the  solvents ;  the  same  cyde  of  change,  and  the  same  laws  of  nature 
have  been  in  operation.  As  solvents,  too,  of  eilica  in  the  presence 
of  strong  bases,  these  organic  acids  may  have  played  their  part  in 

1  See  Prof.  StaniBlas  Mennier,  "Les  Causes  Actaelles  en  06ologie,"  pp.  269,  270. 

'  I  may  be  allowed  to  refer  to  a  iketch  in  a  popular  form,  of  what  I  conceive 
to  have  been  the  outline  of  the  history  of  the  Thames  Basin,  as  I  put  it  forward  in 
a  lecture  last  winter,  a  summary  of  which  appeared  in  **  Science  Gossip''  for  May 
and  June,  1891.  I  should  like  to  draw  particular  attention  to  the  faiany  points  of 
sunilarity  between  the  conclusions  I  haye  arrived  at  as  to  the  Tertiary  history  of  this 
part  of  England,  and  those  arrived  at  by  Prof.  Saoco  of  Turin,  as  to  the  P'o  Basin. 
(See  '*  Bull,  de  la  Soo.  Beige  de  Glologie,  etc.,  tome  iv.  1890.) 
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the  formation  of  the  glaueontte  (essentially  a  niixtare  of  hydrous 
silicates  of  potash  and  the  oxides  of  iron*),  which  gives  such  a 
marked  character  to  the  green  earthy  sands  of  the  Middle  Group, 
and  helps  to  testify  to  their  lagoon-origin.  [The  minute  flakes  of 
glassy  silica  described  in  previous  papers,  as  well  as  the  secondary 
crystals  on  the  quartz  grains,  are,  I  believe,  authigenous  products ; 
while  the  abraded  scales  of  mica,  so  common  in  the  sands  associated 
with  the  clays  of  the  formation,  are  in  all  probability  allothigenous 
material,  testifying  to  the  erosion  and  denudation  in  later  Eocene 
time  of  the  crystalline  rocks  of  the  mountain-system  to  the  west, 
which  furnished  the  head- waters  of  the  great  Eocene  river.] 

'*  Fahe-hedding,*'  both  on  the  larger  scale  and  on  that  smaller  scale 
known  as  **  current-bedding  "  or  "  oblique  lamination  "  is  a  pheuo- 
menon  of  extremely  common  occurrence  in  the  sandy  beds  of  both 
the  Lower  and  Middle  Group,  testifying  to  the  variations  in  strength 
and  direction  of  the  currents  which  laid  the  deposits  down  in  their 
present  position.  Between  the  sand-beds  (often  current-bedded) 
there  frequently  occur,  both  in  the  Middle  and  Lower  Group,  thin 
seams,  sometimes  mere  films,  of  pure  pipe-day ,  telling  us  of  altemA- 
tion  of  quiet  conditions  and  the  settling-down  in  still  waters  of  the 
fine  argillaceous  materials,  which,  as  every  geologist  knows,  are 
capable  of  suspension  in  water  for  a  considerable  length  of  time. 
This  alternation  of  conditions  is  so  frequently  and  so  strongly 
marked  in  the  interlaminated  arrangement  of  clay  and  sand  in  certain 
beds  of  the  Middle  Group,  that,  as  a  physical  fact,  it  was  one  of  the 
first  among  those,  with  which  my  earlier  observations  of  these  beds 
made  me  familiar,  to  suggest  to  my  mind  a  deltaic  origin  for  them. 
Some  of  the  older  geologists  were  startled  three  or  four  years  ago, 
at  my  suggestion  that  the  pipe-day  might  be,  in  part  at  least, 
derived  from  the  Chalk  strata,  which  must  have  been  exposed  to 
subaerial  erosion  over  considerable  areas  within  the  catchment- 
basin  from  which  the  waters  were  concentrated  to  the  area  in 
question.  I  was  able  to  establish  the  probability  of  this  by  a  veiy 
simple  piece  of  laboratory  work.  A  small  quantity  of  the  mariy 
material  of  the  Lower  Chalk  was  pulverized  and  treated  with  very 
dilute  acetic  acid.  The  material  was  washed  and  re-washed  with 
this,  until  no  further  escape  of  carbonic  acid  could  be  detected.  The 
insoluble  argillaceous  residue  settled  down  after  suspension  in 
water,  to  form  a  thin  film  of  pure  clay,  similar  in  every  way  to  the 
filmy  deposits  of  pipe-clay  which  we  meet  with  in  the  Bagshot 
Sands.  What  a  feeble  organic  acid  could  do  in  that  case  might 
easily  be  done  in  the  ordinary  processes  of  nature,  with  sufficient 
time  and  the  conditions  prevailing  in  a  deltaic  area,  by  the  action 
of  the  humus  acidSf  which  decaying  vegetation  furnishes.  The 
facts  here  stated  seem,  I  think,  to  justify  my  refusal  to  accept  the 
presence  of  either  current-bedding,  or  pipe-clay  films,  or  of  hoth 
together,  as  infallible  tests  of  horizons,  as  has  been  persistently 
urged  by  one  or  two  workers  in  the  Bagshot  Series.     The  M 

^  See  Namnann-Zirkel :  *'£lemente  der  Hineraloeie ; "  Leipzig  (EngdniBB}, 
1886.    Also,  Justus  Both's  **  Chem.  und  Allgem.  Oeol."  p.  669. 
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established  by  more  extended  observations  is  that  a  pare  massive 
clay  deposit  is  found  only  in  the  Middle  beds,  and  that  the  conditions 
favourable  to  its  deposit  were  feebly  anticipated  in  the  upper 
horizons  of  the  older  fluviatile  sands,  and  were  feebly  repeated  in 
places  in  the  earlier  stages  of  deposition  of  the  younger  Upper  Sands. 
In  the  Quart  Journ.  of  the  Geol.  Soo.  for  August,  1887,  I  have 
given  many  of  the  results  of  my  studies  in  the  Bagshots,  not  the 
least  interesting  being  the  discovery  of  Freshwater  Diatoms  in  some 
of  these  beds.  In  a  later  number  of  the  same  Journal  (May,  1888) 
I  have  pointed  out  that  the  prevalent  rounded  form  of  the  grains 
of  sand  in  the  greenest  beds  points  to  their  having  suffered  a  vast 
amount  of  soolian  attrition,  in  the  shifting  of  sand-dunes  by  the 
wind,  before  they  were  deposited  in  the  lagoons,  in  the  same  manner 
as  is  now  going  on  on  some  parts  of  the  shores  of  the  Baltic.  To 
this  kind  of  evidence  we  may  now  add  the  frequent  occurrence  of 
:  thin  beds  and  laminsd  of  very  pure  clay  in  the  very  heart  of  these 
[  green-earth  beds,  where  they  are  most  fully  developed,  telling  us 
I  of  the  still  waters  of  the  deeper  portions  of  these  lagoons,  never 
roffled  by  the  wildest  storms,  too  deep  as  yet  to  allow  of  the  growth 
of  the  vegetation  which  lined  their  margins  and  covered  the  inter- 
vening swamps.  We  can  even  in  some  cases,  with  the  data  now 
to-  hand,  measure  the  rate  of  the  thinning  out  of  the  green- sand  series 
as  well  as  of  the  Lower  quartz-sands,  and  thus  at  the  same  time 
approximately  map  the  original  outlines  of  some  of  the  lagoons,  as 
well  as  measure  roughly  the  amount  of  local  and  contemporaneous 
aobsidence  which  the  underlying  clays  suffered.^ 

In  the  former  paper  referred  to  (1887)  I  ventured  to  suggest  a 
natural  classification  of  the  beds  of  the  Bagshot  Series  of  the  London 
Basin  into— 
a).  An  TJpf^er  Marine-estuarine  Series ; 

h).  A  Lower  Fresh-water  Series  of  riverine,  delta,  and  lagoon  origin  ; 
in  ihe  place  of  the  more  empirical  division  into  Upper,  Middle  and 
Lower,  which  is  of  no  importance  except  for  cartography,  and 
even  there  is  often  as  misleading  as  not. 

The  fact  that  occasional  fossiliferous  bands  or  zones  are  met  with, 
and  that  some  of  the  forms  bespeak  a  marine  habitat,  no  more  proves 
the  marine  origin  of  this  complex  of  sands,  green-earths,  and  clays 
than  the  marine  shells  found  driven  some  miles  inland  by  a  great 
Boatb- westerly  gale  in  the  Rhone  Delta'  prove  the  marine  origin  of 
its  beds ;  it  might  as  well  be  argued  that  the  Coal-measures  were 
a  **  marine  series "  because  of  the  occurrence  at  certain  horizons  of 
the  well-known  **  mussel-band,"  or  even  of  occasional  lines  of  real 
marine  shells.  Colonies  of  creatures  of  a  more  or  less  marine 
character  doubtless  established  themselves  here  and  there  in  the 
more  saline  parts  of  the  lagoons,  and  in  the  Bagshot  beds  these  are 
preserved  usually  as  casts  in  the  cemented  sand ;  but  in  the  rare  cases 
in  which  actual  shell-structures  have  been  preserved,  it  is  certainly 

^  Perhaps  the  Norfolk  Broads  present  some  analogy  to  the  conditions  which 
prsTailed  in  this  old  Tamisian  estuary  in  later  Eocene  time. 
'  Described  by  Lyell  iu  the  **  Principles." 
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tme,  as  far  as  my  observations  have  gone,  that  tbey  are  much. 
'*  broken,  worn,  and  even  comminuted : "  for  one  even  tolerably 
perfect  sbell  there  are  hundreds  of  fragments  of  shelly  dSbriSj 
speaking  to  us  eloquently  enough  of  their  drifting  inland  from  time 
to  time  from  the  outer  marine  area.  Some  of  the  little  Oysters 
0.  flahellvla)  found  for  example  at  Yateley,  were  so  much  abraded 
that  it  was  only  after  comparing  them  with  many  forms  in  the 
Jermyn  Street  Museum  (with  Mr.  Newton's  kind  help)  that  I  could 
convince  myself  of  their  specific  identity. 

The  Upper  Sands. 

Messrs.  Gardner,  Keeping,  and  Monckton,  in  a  recent  paper,^ 
state  that  **  the  beds  [of  the  Upper  Bagshot],  and  what  can  still  be 
recognized  of  their  fauna,  are  such  as  might  have  been  formed  in 
an  open  sea  of  considerable  depth."  But  this  statement  amounts  to 
very  little,  because,  so  far  as  the  fauna  is  concerned,  there  is  nothing 
inconsistent  with  the  view  that  the  molluscan  forms  which  they 
have  tabulated  might  just  as  well  have  been  left  by  creatures  whicji 
inhabited  a  shallow  salt-water  estuary.  This  will,  I  think,  be  clear 
to  any  one  who  will  take  the  trouble  to  work  through  their  list  with 
the  aid  of  such  a  reliable  work  as  Woodward's  "Manual  of  the 
Mollusca."  That  they  are  right  in  correlating  the  Upper  Sands  of 
the  London  Basin  with  the  Barton  of  the  Hampshire  Basin  is  very 
probable ;  indeed,  my  own  studies,  which  have  proceeded  rather  on 
physical  and  stratigraphical  lines,  have  led  me  to  the  same  con- 
clusion as  that  at  which  they  have  arrived ;  namely,  that  the  break 
postulated  at  the  base  of  the  Upper  Sands  is  in  reality  very 
inconsiderable.  So  far  from  requiring  any  great  length  of  time  to 
convert  this  Eocene  delta  with  its  swamps  and  lagoons  into  a  tidal 
arm  of  the  sea,  we  know  that  such  changes  may  take  place  without 
any  great  draft  on  the  bank  of  geologic  time,  seeing  that  within 
a  1000  or  1500  years  the  swamps  and  lagoons  of  the  Yssel, 
through  which,  Tacitus  tells  us,  Germanicus  led  his  forces  against 
the  immortal  Hermann,  have  all  disappeared  beneath  the  waters  of. 
the  Zuyder  Zee ;  while  several  hundreds  of  square  miles  of  Holland 
at  the  present  day  are  only  preserved  from  permanent  submei^nce 
by  artificial  barriers.  Of  the  comparative  rapidity  of  this  later 
subsidence  of  this  Eocene  area  we  have  evidence  in  the  strata 
themselves.  It  is  only  by  such  an  encroachment  of  the  sea  that 
we  can  give  a  rational  account  of  the  Bagshot  pebble-beds,  which 
recent  researches  have  established  as  an  important  fact  of  Bagshot 
stratigraphy.  These  beds  vary  in  thickness  from  a  few  inches  to 
five  feet  or  more,  lliey  are  composed  of  well-rolled  fiint-pebbles 
derived  entirely  from  the  Chalk  strata,  which  must  have  enclosed 
this  Eocene  area  of  deposition  on  the  south  and  the  north-west.  It 
may  be  assumed  that  no  rivers,  that  could  have  drained  this  Chalk 
area  in  Eocene  times,  even  when  all  allowance  is  made  for  its 
quondam  extension,  could  have  manufactured  such  vast  quantities 
of  rounded  pebbles  out  of  angular  flint  fragments  as  we  find  sealed 
I  See  Q.J.G.S.  vol  xUv.  p.  616,  1888. 
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op  in  the  Bagshot  Beds  over  a  large  extent  of  oountry  in  the  Basin 
of  the  Thames.  We  must  look,  therefore,  to  the  action  of  a  tidal 
turf  as  the  only  efficient  agency.  We  know  by  direct  obserratioQ 
bow  the  hardest  rock-fragments  are  converted  into  smooth  pebbles 
by  grinding  along  a  shore-line  under  the  influence  of  tides  and 
storms ;  and  we  have  plenty  of  instances  of  the  way  in  which  such 
pebbles  are  piled  up  into  '  Chesil-banks '  along  the  seaward  margins 
of  deltas.  Even  the  form  of  the  pebbles  themselves  testifies  to 
this  as  their  true  history ;  the  disooid  form  which  they  frequently 
acquire  (as  may  be  seen  on  the  coast  of  South  Devon,  at  Weyboum 
on  the  Norfolk  coast,  or  on  the  '  Chesil-bank '  at  Portland),  being 
reproduced  in  the  flint-pebbles  of  our  Bagshot  Beds.  In  one  of  the 
most  massive  pebble-beds  the  pebbles  are  so  commonly  of  a  smooth 
disooidal  shapp  that  I  have  seen  numerous  heaps  of  these  picked 
out  from  the  pebbles  that  have  been  used  in  making  a  new  road.^ 
Now  when  we  recollect  that  the  facts  cited  tell  us  of  shore-action 
upon  a  Chalk  shore-line,  there  is  no  difficulty  in  conceiving  how 
the  waters  of  the  Eocene  sea  may  have  pursued  their  destructive 
work  upon  the  Chalk  of  the  east  of  England,  as  it  extended  in  all 
probability  at  that  time  much  further  to  the  north  and  east. 

When  the  last  great  stage  of  subsidence  of  the  area  set  in,  the 
pebbly  shingle  accumulated  in  the  way  here  indicated  would  be 
driven  inland,  strewn  over  the  original  delta,  and  swept  in  places 
along  its  margin  into  such  shelves  or  banks  of  shingle  as  we  actually 
find  along  the  northern  maigin,  as  far  as  we  have  been  able  to  trace 
it.  Nor  do  we  suppose  that  there  was  anything  of  a  oataclysmio 
nature  in  this ;  for,  though  the  most  general  distribution  of  pebbles 
18  at  the  base  of  the  Upper  Sands,  this  change  did  not  come  on  all 
•t  once,  as  we  know  from  the  fact  that  other  and  less  widely  dis- 
tributed pebbly  deposits  occur  mixed  up  with  the  green  earthy  sands 
of  an  earlier  stage  at  their  uppermost  horizon.  Again,  of  the  52 
species  of  Mollusca  given  by  the  authors  quoted  above  as  found  in  the 
Upper  Sands  some  deduction  must  be  made  on  account  of  the  very 
imperfect  way  in  which  they  have  been  preserved  (merely  casts  for 
the  most  part  in  sand  cemented  together  with  peroxide  of  iron) ; 
and  of  the  residuum,  as  many  as  ten  are  represented  by  their  genercit 
and  two  at  least  by  their  8peeie$  in  the  preceding  Middle  Oroup. 
These  facts  seem  to  warn  us  against  postulating  any  very  con- 
siderable temporal  break  between  the  two  series.  That  the  most 
massive  banks  of  pebbles  are  found  towards  the  western  portion  of 
the  area  would  seem  to  follow  as  a  natural  result  of  the  narrowing 
of  the  area  towards  the  west,  and  consequently  greater  driving 
power  of  the  tides,  as  their  velocity  increased  with  the  narrowing 
of  the  area  over  which  they  were  driven. 

It  was  this  subsidence  of  the  area  into  a  marine  estuary  which  no 
<1oDbt  furnished  the  sandy  and  muddy  bottom  on  which  most  of  its 
fauna  passed  their  existence ;  nor  do  I  think  that  there  is  any  real 

^  Pebbles  of  tbis  form  are  frequently  used  for  rough  paring- work,  in  this  part  of 
the  eonntnr,  jnst  as  the  great  market-place  of  l^ottingham  is  payed  with  Bunter 

Sibbies  collected  from  the  drift  of  the  Trent  Talley.     The  whole  of  the  streets  of 
orwich  were  thus  formerly  payed  with  pebbles  from  the  Boulder-day  and  Drift. 
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soientific  basis  for  the  hypothesis  that  the  Upper  Sands  were  onoe 
as  rich  in  fossils  as  the  more  clayey  Barton  beds  of  Hampshire. 
The  hypothesis  of  'decalcification'  may  be  run  too  hard.  We  must 
be  allowed  to  insist  upon  proof  of  the  fact  being  given  in  any  case 
before  admitting  it  as  an  explanation.  In  the  case  before  us  we  can 
understand  perfectly  well  how  atmospheric  waters,  charged  with 
the  humus  acids  furnished  by  the  decay  of  forest-litter  in  this  area 
of  ancient  forest-land  have  first  taken  up  iron  in  the  sands  to  form 
salts  of  the  protoxide,  and  then,  on  coming  into  contact  with  the 
shells  embedded  in  the  sands,  have  by  a  simple  chemical  reaction  or 
interchange  of  acids  and  bases  substituted  for  the  carbonate  of  lime 
carbonate  of  iron,  to  be  subsequently  broken  up  by  the  oxidation 
of  the  iron  into  the  peroxide,  which  gives  the  pseudoraorphic  casts 
of  the  original  shells.^  I  have  not,  after  much  study  of  the  question, 
the  slightest  doubt  that  this  is  the  true  history  of  these '  irony  casts ' ; 
and  I  think  that  the  direct  action  of  merely  carbonated  atmospheric 
waters  has  had  very  little  to  do  with  their  production. 

In  connexion  with  these  Upper  Sands  space  prevents  me  from 
adding  more  than  to  draw  attention  to  the  fact  that  there  are  I 
believe  signs  in  places  of  their  beds  having  been  formed  by  the 
planing  down  of  the  sand-dunes  of  the  earlier  deltaic  stage;  the 
materials  having  been  stored  up  to  a  large  extent  during  the  long 
period  occupied  by  that  stage,  and  only  needing  redistribution  by 
tidal  action  to  give  us  in  part  the  present  beds  of  the  Upper  Sands. 

The  time  represented  by  these  few  hundred  feet  of  strata,  as 
measured  by  the  maximum  development  of  their  continental  equiva- 
lents, is  seen  to  be  very  great;  and  the  study  of  their  physical 
history  tells  us  that  such  a  lengthened  period  of  time  was  required 
for  their  formation.  The  two  series  of  deltaic  clay  deposits  (entirely 
unfossiliferous),  with  their  intervening  and  intimately  associated 
green  earths,  probably  occupied  by  far  the  greater  portion  of  it 
Compared  with  the  necessarily  slow  accumulation  of  materials  which 
the  physical  study  of  these  reveals  to  us,  the  deposition  of  the  fluvia- 
tile  sands  which  preceded  them  and  of  the  marine-estuarine  sands 
which  succeeded  them  was  probably  what  might  almost  be  called 
a  rapid  process. 

V. — On  thb  Bbitesh  Earthquakes  of  1889.* 

By  Charles  Datibon,  M.A., 

Mathematical  Master  at  King  Edward's  High  School,  Birmingham. 

(Continued  from  page  316.} 

(PLATE  X.») 

3.  Bkn  Nevis  Earthquake  :  Mat  22,  1889. 

Time  of  occarrence,  13  h.  58  m. ;  Intensity,  about  IV.   Epicentriim, 

probably  not  far  from  Ben  Nevis. 

^  There  is  nothing  new  in  this.  Dr.  Alexis  A.  Julien  explained  in  this  way  the 
formation  of  the  irony  casts  in  the  '*  Northampton  Sands,"  which  are  well  known. 
See  **  Amer.  Assoc.  Adv.  Sci."  for  1879. 

'  Plate  X.  illnstrates  the  area  disturbed  by  the  Lancashire  Earthquake  of  Febraary 
10th,  1889,  described  in  the  Geolooical  Maoazinb  for  Joly,  1891,  pp.  306-81<^ 
forming  part  2  of  this  communication. 
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I  am  indebted  to  Mr.  R  T.  Omond,  Director  of  the  Ben  Nevis 
Obaervatory,  for  the  only  information  I  have  been  able  to  obtain 
with  reference  to  this  earthquake.  '*  It  was/'  he  says,  '*  8u£Bciently 
strong  to  make  part  of  the  wooden  roof  creak,  but  was,  as  far  as 
I  know,  not  noticed  in  any  other  part  of  the  country."  The  few 
inquiries  that  I  have  been  able  to  make  confirm  this  remark,  and  I 
think  we  may  therefore  conclude  that  the  epicentrum  cannot  have 
been  very  distant  from  Ben  Nevis.  The  great  fault,  which  crosses 
Scotland  from  Inverness  in  a  south-westerly  direction,  passes  at  the 
surface  within  a  short  distance  from  Ben  Nevis;  and  being,  in 
other  parts  of  its  course,  closely  associated  with  recent  earthquakes, 
may  possibly,  by  a  slip,  have  given  rise  to  the  Ben  Nevis  shock. 

In  connexion  with  this  earthquake  may  be  mentioned  a  slight 
shock  felt  on  June  19,  1889,  at  7h.  40m.,  at  Invergarry,  a  place 
26  miles  N.E.  of  Ben  Nevis,  and  also  close  to  the  same  great  line 
of  fault.  Mr.  John  Grant,  of  Invergarry,  was  kind  enough  to 
send  me  a  note  of  this  shock,  and  also  a  list  of  several  others 
felt  between  Jan.  1,  1888,  and  Jan.  19,  1890.  I  have  followed  the 
rule  laid  down  by  the  Swiss  Seismological  CommisHion,  of  not 
treating  as  undoubted  earthquakes  those  which  rest  on  the  authority 
of  one  observer  only ;  but,  at  the  same  time,  I  think  it  is  evident, 
from  the  opportunities  which  Mr.  Grant  has  had  for  these  obser- 
vations, that  this  is  a  somewhat  exceptional  case.  I  add  here  his 
list  of  the  earthquakes  felt  at  Invergarry  during  the  year  1888,  as  it 
has  an  obvious  bearing  on  the  seismic  history  of  the  district : 

1888. 

Jan.  5,  5h.  30m.,  four  vibrations,  strong  enough  to  shake  lamps, 
dishes,  etc.     (Intensity  lY.) 

Feb.  2,  5h.  5m.,  one  vibration,  like  the  passing  of  a  heavy 
carriage.^ 

Feb.  29,  20h.  10m.,  one  vibration,  like  a  carriage  passing. 

March  1,  9h.  15m.,  the  same. 

April  4,  9h.  and  lib.,  like  a  light  carriage  passing. 

May  20,  18h.  10m.,  the  same. 

July  3,  14h.  30m.,  the  same. 

Oct  22,  13h.  25m.,  the  same. 

4.  KiNTYBE  Eabthquake  :  July  15,  1889. 

Time  of  occurrence,  about  18  h. ;  Intensity,  V.  Epicentrum,  about 
3}  miles  S.E.  of  Clachan. 

Disturbed  area. — I  have  only  succeeded  in  obtaining  records  of  this 
shock  from  eight  places;  but  the  information  received  from  these 
and  other  places  is  sufficient  to  enable  the  boundary  to  be  drawn 
with  a  fair  approach  to  accuracy.  Thus,  the  shock  was  not  felt  at 
Campbeltown  or  Southend,  nor  on  the  west  side  of  the  ridge  of 
Gigha  Island.  In  Arran,  the  Kev.  J.  Johnstone  informs  me,  it 
"was  felt  from  Pionmill  right  by  the  Crawhill  and  Lochranza, 
passing  through  the  glen  that  enters  Lochranza  from  Sannox." 

1  This  earthquake  was  felt  oyer  the  greater  part  of  northern  Scotland. 
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The  disturbed  area  ia  thus  rooghly  elliptical ;  ita  longer  axis,  in 
a  direction  about  N.  80^  E.  and  S.  80^  W.,  being  about  25  miles 
long,  and  the  shorter  axis  about  18  miles.  The  whole  area  disturbed, 
including  that  oovered  bj  the  sea,  is  about  850  square  miles.  The 
boundary  of  the  disturbed  area  corresponds  to  an  isoseismal  line  of 
intensity  IV. 

Nature  of  the  Shoeh — From  the  few  records  I  possess  on  this 
point,  it  would  seem  that  the  shock  consisted  of  only  one  vibration ; 
no  tremulous  motion,  either  before  or  after  the  shock,  being  noticed 
at  any  place. 

Duration, — The  estimates  of  the  duration  are  fairly  concordant. 
It  is  stated  to  have  been  not  more  than  two  to  three  seconds  at 
Glen  Saddell ;  several  seconds  at  Eilberry ;  two  seconds,  or  perhaps 
more,  at  Lochranza;  and  not  more  than  four  or  five  seconds  at 
Oigha.  But,  as  there  was  only  one  vibration  noticed,  it  is  probable 
that  these  estimates  include  also  the  duration  of  the  sound  that 
accompanied  the  shock. 


Intensity, — At  Lochranza,  the  intensity  must  have  been  Y.  or 
nearly  so.  It  was  probably  greater  than  lY.  at  Eillean ;  and  IV. 
at  Glen  Saddell,  Eilberry,  Clachan,  and  Gigha. 

Sound' Phenomena, — So  far  as  I  can  learn,  the  sound -area  was 
approximately  co-extensive  with  the  disturbed  area  considered  as 
bounded,  as  above  stated,  by  an  isoseismal  of  intensity  lY.  From 
Ardpatrick  and  Tarbert  I  have  no  particulars  beyond  the  &ct  that 
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the  Bbook  was  felt  at  tbose  plaoeB.  But,  at  the  other  six  places 
marked  on  the  map,  the  charaoteristio  earthqaake-sounds  were 
beard.  They  were  compared  to  the  moyement  of  heavy  articles 
of  fbmiture  overhead  (Olen  Saddell  and  Eiliean),  the  passage  of 
heavy  vehicles  (Kilberry  and  Lochranza),  a  strong  blast  of  wind  up 
the  chimney  (Oigha),  and  a  cartload  of  stones  being  suddenly  emptied 
(Gigha).  The  sound  is  said  to  have  accompanied  the  shock  at 
Kilbeny,  and  to  have  preceded  it  at  Glen  Saddell  and  Lochranza. 

Poiiiiau  of  the  Epicentrum  and  Oeological  Relations, — The  centre 
of  the  disturbed  area  is  about  3^  miles  S.E.  of  Clachan.  That  the 
earthquake  can  have  had  no  connexion  with  the  great  southern 
hoondary  fault  of  the  Highlands  is  evident  from  the  distance  of 
the  epicentrum  from  the  continuation  of  the  line  of  this  fault. 
Prof.  C.  Lapworth,  F.R.S.,  has,  however,  been  good  enough  to  give 
me  the  following  note  on  the  possible  geological  relations  of  this 
earthquake. 

''The  geological  structure  of  this  district  shows  that  between 
Loch  Fyne  and  its  prolongation,  Loch  Killisport,  there  is  a  band  of 
Blaty  material  more  or  less  unaltered.  A  corresponding  band  occurs 
on  the  fringe  of  the  Highland  district,  running  from  Stonehaven  to 
Dunoon  and  Rothesay.  Between  these  two  well-marked  lines  of 
slate,  lies  a  great  area  of  gneiss.  The  relation  of  the  gneissic  rocks 
to  the  slaty  rocks  is  disputed ;  by  some  it  is  suggested  that  the 
gneisses  rise  in  an  anticlinal  form  from  below  the  schists;  by 
others,  that  the  gneisses  lie  on  a  synclinal  formed  of  the  slates. 
The  apparent  dips  of  the  metamorphic  strata  make  the  latter 
interpretation  the  simpler  and  more  probable  one  to  geologists 
accustomed  to  lowland  areas.  If  we  recollect,  however,  that  the 
Highlands  are  actually  a  denuded  mountain  complex,  it  becomes  far 
more  probable  that  this  apparent  synclinal  is  actually  a  fan-structure 
or  inverted  anticlinal,  as  suggested  in  my  paper  on  "  The  Secret  of 
the  Highlands."  *  If  this  is  the  case,  the  slipping  and  movements 
caused  by  lateral  pressure  will  take  most  effect  along  the  two  planes 
of  contrary  motion  running  midway  between  the  crest  of  the  main 
fold  and  its  bounding  synclines.  Curiously  enough,  the  line  of 
direoKon  of  the  axis  of  the  disturbed  area  coincides  precisely  with 
the  theoretical  position  of  the  southern  zone  of  contrary  movement, 
on  the  assumption  that  the  gneisses  form  an  inverted  anticlinal." 

Authorities, — The  only  published  account  of  the  earthquake  that 
I  have  met  with  is  contained  in  the  "  Oban  Times "  for  July  20 ; 
and  I  am  indebted  to  the  courtesy  of  the  Editor  of  this  paper  for 
searching  his  files  and  sending  me  the  extract  referred  to.  For 
the  greater  part  of  the  information  on  which  the  above  account  is 
founded,  I  have  to  thank  the  following  gentlemen:  the  Bevs.  J. 
Johnstone  (Lochranza,  Arran),  D.  N.  Macdonald  (Killean),  J.  F. 
McKenzie  (Gigha),  and  H.  W.  Strang  (Campbeltown) ;  Mr.  R.  A. 
Cavana  (Gigha) ;  and  especially  Mr.  J.  N.  Macleod  of  Eintarbert  and 
Saddell,  without  whose  aid  the  account  of  this  earthquake  would 
have  been  much  more  imperfect  than  it  is. 

1  Gbol.  Maq.  Dec.  U.  Vol.  X.  pp.  120-8,  193-7,  387-44  (1883). 
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5.  East  Cobnwall  Earthquake  :  Oct.  7,  1889. 

Time  of  occarrencei  about  13  h.  45  m.;  Intensity,  lY.  Epioentram, 
about  2f  miles  S.W.  of  Altamon. 

Biiturhed  Area, — All  the  places,  24  in  number,  at  which  tbe 
earthquake  is  recorded  as  having  been  felt,  are  included  within  an 
area  which  is  roughly  elliptical  in  form.  ITie  larger  axis,  which 
runs  nearly  east  and  west,  is  about  25  miles  in  length,  the  shorter 
axis  about  20  miles,  and  the  whole  area  disturbed  about  400  square 
miles.    The  cnrre  bounding  this  area  is  an  isoseismal  of  intensity  lY. 


JS.Ccntwnll  Sarlh^udhe  :  OcfpZ  1669. 

Nature  of  the  ShocJc, — The  accounts  of  the  shock,  though  few  in 
number,  are  sufficient  to  indicate  roughly  the  way  in  which  the 
nature  of  the  shock  varied  throughout  the  disturbed  area.  We  may 
divide  the  observations  into  two  groups.     In  the  first  we  have : 

Altamon  :  a  distinct  rumbling  was  heard,  as  if  the  chimney  were 
on  fire  or  a  heavy  waggon  passing  up  the  road ;  very  little  if  any 
perceptible  vibration. 

North  Hill :  a  sound  heard  as  though  something  had  struck  the 
wall  of  the  house,  and  ''then  the  sound  seemed  to  vibrate  at  the 
back." 
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St  Clether :  like  a  distant  peal  of  thunder  or  the  passing  of  a  very 
heayj  loaded  waggon ;  no  tremors  perceived. 

Temple :  like  the  rambling  of  thunder  for  a  few  momentSi  fol- 
lowed  by  a  tremulous  motion. 

Tren^loss :  a  loud  rumbling  noise  like  thunder ;  no  tremuloos 
motion  peroeived. 

With  the  ezoeption  of  Laneast,  from  whioh  I  have  no  detailed 
aooonnt,  these  five  plaoes  are  nearer  to  the  spot  indicated  as  the 
epicentrum  than  any  of  the  others  from  which  records  have  been 
received.  From  this  pointy  Altamon  is  distant  2|  miles,  North  Hill 
5,  St  Clether  i,  Temple  4,  and  Trenegloss  6^  miles* 

The  second  group  includes  places  in  the  neighbourhood  of  the 
boundary  of  the  disturbed  area : 

Bodmin :  as  if  some  person  were  walking  with  a  heavy  tread 
three  or  four  steps  overhead. 

Boacastle :  two  distinct  shocks  are  said  to  have  been  felt 

Liskeard :  (1)  as  if  a  heavy  substanoe  were  thrown  violently  on 
the  floor  of  the  adjoining  room  and  also  against  the  partition  dividing 
the  two  rooms,  tremulous  movements  before  the  shock;  (2)  one 
sadden  crash  like  an  explosion,  no  tremulous  motion  perceived. 

North  Petherwin :  a  slight  vibration  like  that  produced  in  a  house 
by  the  passage  of  a  heavy  waggon. 

St  Breward :  like  that  produced  by  a  cart  passing  along  the  road 
at  the  back  of  the  house. 

Warleggan :  as  if  something  very  heavy  had  fallen  in  the  house 
with  great  violencCi  followed  by  a  tremulous  motion. 

From  these  accounts,  we  may  conclude  that,  in  the  neighbourhood 
of  the  epicentrum,  the  sound- vibrations  were  most  noticeable,  but 
that  these  died  out  more  rapidly  towards  the  boundary  of  the 
disturbed  area  than  the  vibrations  of  longer  period,  and  near  the 
boondaiy  the  shock  was  felt  as  one  or  several  thuds,  or  vibrations 
of  much  larger  ampUtade  than  those  which  preceded  and  followed 
them. 

Iharaiiim. — ^The  duration  of  the  shook  is  variously  estimated  at 
from  two  to  about  twenty  seconds.  Thus,  at  Liskeard,  according 
to  one  account,  it  is  said  to  have  been  more  than  two  seconds, 
according  to  another  about  fifteen  seconds;  a  tremulous  movement 
before  the  principal  vibration  being  included  in  the  latter  estimate. 
Other  observations  give  about  2  seconds  at  North  Petherwin,  about 
3  at  St  Clether,  3  or  4  at  Temple,  4  or  5  at  Warleggan,  10  to  20  at 
Trenegloss,  and  12  to  20  at  St  Breward. 

IntoMt^y.— Throughout  the  disturbed  area,  the  intensity  seems 
to  have  been  remarkably  uniform,  indicating  probably  a  great  depth 
of  the  seismio  focus.  According  to  the  Bossi-Forel  scale,  the 
intensity  was  lY.  at  the  following  places :  Bodmin,  Camelford, 
Liskeard,  Newport  (near  Launceston),  St.  Breward,  Temple, 
Trenegloss,  Tresmere,  and  Trevalga.  It  may  have  been  slightly 
greater  than  lY.,  though  probably  not  as  great  as  Y.,  at  Altamon, 
St  Clether,  and  Warleggan :  and  perhaps  slightly  less  than  lY. 
at  North  Hill. 

SBCADS  III. — VOL.   Vni. — ^NO.   YIII.  24 
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Sound-Thenomena.  —  The  sounds  aooompanying  the  earthquake 
have  been  already  alluded  to:  they  form  perhaps  its  most  note- 
worthy features.  They  seem  to  have  been  of  the  usual  description, 
being  compared  to  thunder,  to  heavy  waggons  passing  rapidly  along 
adjoining  roads,  and  to  the  roaring  of  a  chimney  on  fire.  At  the 
following  places  the  sound  is  said  to  have  accompanied  the  shock : 
Gamelford,  St.  Breward,  St  Glether,  Temple  and  Trenegloss.  It 
preceded  the  shock  at  North  Petherwin,  and  perhaps  also  at  North 
Hill  and  Tresmere.  At  Warleggan,  the  rumbling  sound  was  heard 
just  after  the  shock,  '<  as  if  a  waggon  had  run  away  down  the  hill 
outside  our  house :  it  increased  in  sound  and  then  appeared  to  me 
like  an  express  train  going  through  a  station.  ....  The  rumbling 
ended  quite  abruptly."  At  Liskeard,  it  preceded  the  shock;  but 
another  correspondent  at  the  same  place  informs  me  that  it  was 
heard  both  before  and  after  the  shock,  both  times  very  low,  but 
rather  louder  after  than  before. 

I1ie  earthquake-sounds  were  heard  at  all  places  from  which  I 
have  detailed  accounts.  The  sound  area  and  the  disturbed  area  may 
therefore  have  been  coextensive,  or  nearly  so.  Further,  since  the 
sounds  were  the  most  notable  part  of  the  phenomenon  near  the 
epioentrum,  and  at  a  place  like  Liskeard  near  the  boundary  of  the 
disturbed  area  were  only  heard  by  a  few  persons,  we  may  conclude 
that  the  intensity  of  the  sound  diminished  more  rapidly  than  that  of 
the  shook  as  the  distance  from  the  epicentmm  increases ;  and,  con- 
seqaently,  that  the  sound-focus  was  nearer  to  the  surface  than  the 
rest  of  the  seismic  focus. 

Fosition  of  the  Epicentrum  and  Oeolagical  Relations, — The  epioen- 
trum of  the  earthquake  is  about  2f  miles  S.W.  of  Altamon,  i.e.  not 
far  from  the  centre  of  the  great  granite  boss  which  occupies  so  large 
a  part  of  East  Cornwall.  It  is  also  noteworthy  that  the  duration  of 
the  shook  was  in  some  parts  considerable,  as  much  as  10  or  12  seconds, 
arguing  probably  a  larger  seismic  focus  than  in  any  of  the  previous 
cases ;  further,  that  the  longer  axis  of  the  disturbed  area  runs  east 
and  west,  i.e.  parallel  to  the  direction  of  folding  of  the  district 
Though  we  may  not  at  present  be  in  a  position  to  assign  a  definite 
origin  to  this  earthquake,  it  seems  at  least  probable  that  it  had 
some  connexion  with  the  geological  structure  of  the  district,  and 
that  the  forces  which  have  combined  in  producing  that  stracture 
have  not  yet  ceased  to  act 

Authorities,^** St.  Austell  Weekly  News,"  Oct.  12;  "West Briton 
and  Cornwall  Advertiser"  (Truro),  Oct  10;  "Western  Morning 
News"  (Plymouth),  Oct  8. 

The  earthquake  was  but  slightly  noticed  in  the  local  press,  and 
nearly  all  that  is  of  value  in  the  preceding  account  I  owe  to  the 
kindness  of  the  following  ladies  and  gentlemen :  the  Revs.  B.  H. 
Boles  (St  Breward),  C.  Bridgewater  (St  Tudy),  J.  B.  Browne 
(Bodmin  and  Temple),  W.  Jago  (Bodmin),  A.  H.  Malan  (Altarnon), 
C.  Olive  (Warleggan),  J,  Partridge  (St  Clether),  T.  B.  Trentham 
(North  Petherwin),  Canon  Vautier  (St  Mabyn),  T.  Walters  (Boyton), 
and  T.  Willing  (North  Hill) ;  Mr.  J.  C.  Chapman  (Trenegloss), 
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Mrs.  L.  Davy  (TreBmere),  Mies  T.  E.  Jenkin  (Liskeard),  Mr.  W.  E. 
Parsons  (St.  Broward),  and  Miss  L.  Thorne  (Liskeard). 

Doubtful  Earthquakes. 

1.  Invergarry,  June  19,  1889,  7h.  40m.  (see  p.  865). 

2.  LiUle  Bhondda  Valley  (South  Wales),  June  22,  1889,  about 
22h.  30m. ;  intensity,  Y. 

A  shock,  supposed  to  be  that  of  an  earthquake,  was  felt  at  this 
date  in  and  near  the  Little  Rhondda  Valley.  The  area  disturbed  by 
it  was  very  small,  probably  not  more  than  a  few  miles  in  its  greatest 
diameter.  It  was  felt  at  Llwynypia,  Pontygwaith,  Tylorstown, 
Watts  Town,  Ynishir  and  Ystrad. 

The  disturbanoe,  whioh  lasted  a  second  or  two,  consisted  of  one 
vibration,  and  at  Ynishir  is  described  as  having  been  like  the  shock 
of  a  blasting  explosion,  but  much  stronger.  It  was  accompanied 
by  a  deep  rumbling  noise,  like  distant  thunder,  at  Llwynypia, 
Pontygwaith,  and  Watts  Town.  The  intensity  was  IV.  at  Ponty- 
fCwaith,  but  cannot  have  been  less  than  V.  at  Llwynypia  and 
Toishir.  The  shock  was  felt  by  workmen  underground  in  the 
Tnishir  Steam  Colliery,  and  in  one  or  two  other  collieries  in  the 
adjoining  district 

This  is  all  the  evidence  I  have  been  able  to  obtain,  and  I  do  not 
tbink  it  is  sufficient  to  put  beyond  doubt  the  seismic  origin  of  the 
shock.  For  so  small  a  disturbed  area,  the  intensity  is  unusually 
great,  arguing  a  very  small  depth  for  the  centre  of  disturbance ;  and, 
besides  this,  the  mining  operations  of  the  district  are  being  carried 
on  so  rapidly  and  extensively  that,  from  time  to  time,  considerable 
masses  subside,  occasionally,  it  is  said,  causing  tremors  very  like 
those  of  an  earthquake. 

iliUfcorih'cs.— "Nature,"  vol.  40,  p.  208;  "South  Wales  Daily 
News  "  (Cardiff),  June  24,  1889.  For  other  information  contained 
in  the  above  account,  I  beg  to  thank  Mr.  W.  Qalloway,  Mr.  J.  J. 
Thomas,  of  Ynishir,  and  Mr.  B.  R.  Hood,  of  Gilfanh. 

3.  Lyme  Regis,  July  5,  1889,  between  23h.  and  23h.  15m. 

Noises  were  heard  at  intervals  between  the  times  stated.  They 
'*  consisted  of  a  distant  rumble  which  grew  nearer  till  at  last  the 
windows  of  the  houses  rattled  and  in  some  cases  distinct  vibrations 
of  the  houses  were  felt."  They  were  probably  not  caused  by  the 
firing  of  guns  at  sea :  and  they  may  have  been  due  to  earthquakes, 
though  the  evidence  is  clearly  incomplete. 

This  note  is  taken  from  a  letter  by  Mr.  A.  B.  Sharpe,  in  Nature, 
vol.  40,  p.  294. 

Conclusion. 

With  one  possible  exception  (that  of  Ben  Nevis),  the  earthquakes 
of  1889  are  typical  examples  of  British  shocks — they  occurred  in 
districts  where  earthquakes  are  rarely  felt,  and  their  disturbed  areas 
are  circular  or  only  slightly  elliptical  in  form.  Turning  to  a  more 
distinctly  seismic  area,  Switzerland  for  example,  we  find  that  the 
disturbed  areas  are  often  extremely  elongated,  the  longer  axes 
being  parallel  to  those  of  the  neighbouring  Alpine  chain;  earth- 
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quakes  are  more  frequent,  their  intensity,  as  a  rule,  is  greater,  and 
much  larger  areas  are  disturbed.  Different  stages  in  the  geological 
history  of  a  district  are  characterized  by  different  kinds  of  earth- 
quakes. The  Alpine  system  is  not  yet  old,  fault-formation  is  still 
in  progress,  and  the  fault-slips  are  long  and  frequently  recurring. 
In  Great  Britain,  we  meet  with  a  later  stage.  Fault-formation  in 
our  seismic  area  is  more  advanced,  and  slipping  takes  place  so 
slowly  and  oyer  distances  so  short,  that  our  earthquakes  are  rare 
and  the  areas  disturbed  by  them  more  or  less  circular  in  form. 

Every  stt^e  in  the  process,  however,  requires  investigation,  and 
that  of  which  our  British  earthquakes  are  witness  is  certainly 
deserving  of  attentive  study.  Unattractive  though  it  may  be  at 
first  sight,  the  epoch  immediately  preceding  the  death  of  a  mountain- 
chain,  is  at  least  as  interesting  to  the  geologist  as  the  more  vigorous 
periods  of  origin  and  g^wth. 

Ebbata  in  the  Maps. 

SdinboEgh  eaithqiiake :  Far  CostorphiDe,  ratul  GoiBtorphino. 
„    Oeoi^,  „    Oorgie. 

„    Goinehall,        „    Ourriehill. 
Lanoadure  eaitbqoflke :   „    Tongridge,        „    LoDgridge. 
,,    Mihnrow,  „    Milmow. 

,,    Harwich,  „    Horwich. 

Kintyre  earthquake :       „    Tarber,  „    Tarbett. 

„    Glachan,  „    Glachan. 

In  the  map  of  the  Lancashire  earthquake,  the  outermoei  of  the  two  smaller  circles 
should  haye  been  a  dotted  line.  In  the  map  of  the  £.  Gomwall  earthquake,  the 
spot  between  Nortii  Hill  and  Gallington  dioula  be  erased. 
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By  W,  T.  BI.AN70BD,  LL.D.,   F.R.S.,  etc. 

BEGRET  that  I  cannot  accept  as  nnqaestionable  the  evidence 
bronght  forward  by  my  friend  Mr.  Ho  worth  in  favour  of  the 
recent  elevation  of  other  mountain  ranges  in  Asia  besides  the 
Himalayas.  I  dealt  with  the  latter  alone,  because  I  have  a  slight 
acquaintance  with  parts  of  them,  and  some  knowledge  of  the 
observers  whose  opinions  are  quoted.  But  I  argue  from  the  known 
to  the  unknown,  and  if  I  find  reason  to  reject  the  evidence  on 
which  Mr.  Ho  worth  relies  to  prove  the  absence  of  extensive  glacial 
markings  in  the  Himalayas,  I  am  disposed  to  be  sceptical  as  to  that 
on  which  he  founds  his  argument  in  the  case  of  other  ranges.  I 
decline  to  be  drawn  into  a  discussion  about  the  latter. 

I  quite  agree  in  the  improbability  of  the  Himalayan  ice  having 
ever  reached  the  Indo-Qangetic  plain,  but  1  think  I  have  shown  that 
this  is  not  the  question  at  issue.  I  cannot,  however,  help  remarking 
that  if  I  depended  chiefly,  as  Tchihatoheff  and  Cotta  appear  to  have 
done  in  the  case  of  the  Altai,  on  the  presence  or  absence  of  erratics, 
I  might  com^  to  a  different  conclusion,  for  there  are  uumistakable 
"erratics" — huge  blocks  believed  to  have  come  from  the  higher 
Himalayas — in  the  Northern  Punjab. 

I  hope  I  do  no  iujustice  to  Mr.  Howorth's  argument  in  placing 
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it  in  this  form :  because  the  glaciers  of  the  Alps  in  Pleistocene 
times  extended  some  distance  beyond  the  base  of  the  mountains, 
those  of  the  Himalayas,  if  they  existed,  should  have  done  the  same. 
Surely  no  one  can  contend  that  the  glaciers  of  the  Alps  must  descend 
to  the  sea-level  at  the  present  day  because  those  of  Greenland  do  so. 
But  the  difference  in  latitude  between  the  Himalayas  and  the  Alp9 
is  practically  the  same  as  that  between  the  Alps  and  Greenland. 

But,  Mr.  Howorth  urges,  there  was  a  great  sea  in  Central  Asia 
in  Pleistocene  times,  and  consequently  Himalayan  ice  would  have 
transported  glacial  dibrtB  beyond  the  mountains.  I  dispute  both  the 
fact  and  the  inference.  Even  if  there  was  a  greater  ice-accumu- 
lation (and  I  think  I  have  shown  that  there  was),  it  does  not  at  all 
follow  that  this  would  have  reached  plains,  but  little  above  the  sea, 
within  from  26  to  34  degrees  of  the  Equator.  With  regard  to  the 
Central  Asiatic  sea,  of  course  there  was  a  considerable  tract  covered 
with  water  in  late  Tertiary  and  probably  in  Pleistocene  times  in  the 
Caspian  and  Aral  area.  But  this  area  was  I  believe  then,  as  it  is 
now,  cut  off  from  Tibet  and  the  Himalayas  by  the  great  ranges 
extending  from  the  Pamir  through  the  Thian-Sban  to  the  Altai,  and 
surrounding  Eastern  Turkestan  on  the  West  and  North.  As  to 
great  lakes  having  occupied  the  depressions  of  Eastern  Turkestan, 
the  Gobi,  etc.,  I  can  only  say  that  I  once  mistook  similar  plains  in 
Persia  for  lake-basins,  and  have  seen  reason  to  believe  I  was  iit 
error.  The  occurrence  of  salt  lakes  and  salt  plains  merely  indicates 
the  al)sence  of  drainage,  and  is  by  itself  no  proof  of  the  former 
occupation  of  any  area  by  the  sea.  The  horizontal  or  nearly 
horizontal  beds  supposed  by  many  observers  to  be  marine  or 
lacustrine  are  probably  similar  to  those  found  throughout  the  drier 
regions  of  Central  Asia,  and  due  purely  to  the  wash  of  detritus  from 
the  hills  into  the  plains  by  rain  and  melting  snow,  where  the  whole 
rainfall  is  insufficient  to  form  rivers  and  to  wash  away  the  accumu- 
lations, all  the  water  evaporating  within  the  plains  themselvlBs. 
With  the  coarser  beds  fine  Eolian  deposits  are  associated.  I  do  not 
wish  to  appear  dogmatic,  but  after  having  had  better  opportunities 
than  fall  to  the  lot  of  most  European  geologists  of  studying  the 
subject,  I  am  unable  to  attach  any  value  to  the  evidence  brought 
forward,  although  I  fully  acknowledge  how  strong  that  evidence 
appears  at  first  sight  by  admitting  that  I  was  at  one  time  led  away 
by  it. 

Of  the  two  quotations  from  my  contributions  to  the  Manual  of 
Indian  Geology  that  are  adduced  as  supporting  Mr.  Howorth's 
views,  the  first,  and  the  first  part  of  the  second,  do  not  appear  to 
me  at  all  favourable  to  his  theory.  Surely,  to  say  that  "  a  move- 
ment has  been  distributed  over  the  Tertiary  and  post-Tertiary 
period,  and  a  great  portion  is  of  post- Pliocene  date,"  is  not  the  same 
as  to  say  that  the  whole  movement,  or  even  the  greater  part  of  the 
movement,  is  post-Pliocene ;  nor  is  the  argument  that  ''at  the  close 
of  the  Miocene  period  no  such  mountain  barrier  as  exists  at  present 
separated  the  Indian  Peninsula  from  Central  Asia"  equivalent  io 
saying  that  the  barrier  was  wanting  at  the  dose  of  the  Pliocene. 
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The  citation  of  my  remarks  as  to  the  post-Siwalik  elevation  of  tihe 
Tibetan  plateau,  however,  is  a  fair  hit,  and  shows  how  thoroughly 
Mr«  Howorth  has  ooUeoted  the  testimony  in  favour  of  his  views, 
though  he  appears  to  have  overlooked  the  footnote  (on  p.  586) 
appended  to  the  words  quoted,  and,  to  some  extent,  qualifying  the 
opinion  recorded,  as  it  called  attention  to  the  greater  area  ouoe 
occupied  by  Himalayan  ice.  The  explanation,  however,  of  my 
having  published  what  I  now  think  was  probably  an  incorrect  view 
in  1879,  is  that  at  that  time  I  had  only  the  evidence  concerning  the 
fossil  fauna  of  Hundes  that  was  obtained  by  Falconer  and  Stracbey. 
When  Lydekker,  in  1881,  found  that  one  of  the  beet-preserved 
Hundes  fossils  was  a  skull  of  PaniholopB,  an  Antelope  confined  to 
the  Tibetan  plateau,  and  only  living  at  high  elevations,  the  whole 
evidence  was  materially  changed.  The  question  now  is,  whether  it 
IB  more  likely  that  ParUholopa  inhabited  a  low  level  or  an  unkuown 
Bhinoceros  a  high  one.  Of  course,  where  Yaks  can  find  food,  there 
is  no  reason  why  a  Bhinoceros  should  not  obtain  subsistence. 

I  must  again  call  attention  to  the  fact  that  far  from  attempting  to 
go  into  the  whole  evidence  as  to  the  elevation  of  the  Himalayas,  I 
merely  selected  two  items,  one  to  prove  the  insufficiency  of  the 
evidence  brought  forward  by  Mr.  Howorth,  the  other  to  show  the 
facts  which  he  had  overlooked,  both  items  belonging  to  one,  and,  in 
my  opinion,  by  no  means  the  most  important  part  of  the  geological 
evidence.  Merely  to  show  how  wide  the  question  is,  I  should  like 
for  once  to  "forsake  the  happy  hunting  grounds  of  Oeology  for  those 
of  Zoology,"  and  to  call  attention  to  a  fact  which  to  my  mind  is 
sufficient  by  itself  to  disprove  a  subrecent  origin  of  the  Tibetan 
highlands. 

Throughout  the  great  region  generally  known  as  PalsBarctio,  there 
is  no  tract  of  country  of  the  same  extent  that  contains  as  many 
peculiar  forms  of  animal  life  as  Tibet  Amongst  Mammals  alone 
there  are  the  genera  PantholopB,  Neetogale  and  Eupetaurus,  and  pro- 
bably ^luropuB  and  Budorcas,  together  with  the  Yak,  two  kinds  of 
wild  Sheep,  a  Gazelle,  two  Hares,  several  Lagomyi,  at  least  three 
Marmots,  and  several  Yoles.  I  must  say  that  it  is  to  me  incredible 
that  this  peculiarly  specialized  fauna  can  have  been  differentiated 
since  Pleistocene  times,  and  very  improbable  that  it  can  have 
entirely  developed  since  the  Pliocene  period.  So  high  a  degree  of 
specialization  points  to  a  long  continuance  of  the  peculiar  conditions 
that  still  prevail. 

Of  the  two  statements  of  mine  that  are  traversed  by  Mr.  Howorth, 
one  is  of  course  a  matter  of  opinion ;  upon  the  other  it  will  I  think 
be  found  that  my  information  was  correct  Mr.  Howorth  says  that 
Mr.  Lydekker  formerly  classed  the  Hundes  fossils  as  Pliocene,  hat 
subsequently  adopted  the  opinion,  which  he  still  holds,  that  the  beds 
are  post-Tertiary.  Mr.  Lydekker's  assignment  of  a  Pleistocene  age 
to  the  beds  in  question  dates  from  1881  (Bee.  G.S.L  vol.  ziv.  p.  158) ; 
but  in  1886  (Cat  Foss.  Mam.  Brit  Mus.  vol.  iii.  p.  158)  and  in  1887 
(Rec.  G.S.I.  vol.  XX.  p.  54)  he  has  stated  that  he  is  now  inclined  to 
regard  the  beds  as  Newer  Pliocene. 


Digitized  by  VjOOQIC 


Reviem-^Dr,  A.  Frttsch — Palaozaic  Fishes.  -375 

Tt  18  useleBS,  I  fear,  to  discnus  the  other  statement  traverset], 
whether  the  contours  of  the  Himalayas  are  due  to  freshwater 
denudation;  and  we  must  continue  to  differ.  But  I  must  say 
that  I  still  think  a  personal  aoquaintanoe  with  the  Himalayas 
Would  give  a  very  different  idea  from  photographs  and  drawings 
of  picturesque  bits.  The  splintered  precipices  referred  to  by  Mr. 
Howorth  are  probably  due  to  the  effects  of  frost;  and  however 
common  in  the  higher  Himalayas,  especially  where  glaciers  exist 
now,  or  existed  formerly,  are  not,  I  think,  prevalent  in  the  lower 
valleys.  If  it  be  transcendentalism  to  refer  to  the  denuding  action 
of  rain  and  streams,  valleys  and  ridges  which,  however  gigantic,  are 
the  exact  counterparts  in  form  of  those  seen  in  a  bank  of  clay  after 
exposure  to  a  season's  rain,  how  should  the  reference  of  such 
contours  to  an  unknown  agency  be  fitly  designated  ? 


KE'VIE^WS. 


I. — Db.  Anton  Fbitsoh  on  Paljsozoio  Elashobbanoh  Fishbs. 

"  Fauna  dkb  Gaskohli  und  deb  Kalkstbinb  dvb  PEBMroBMATioN 
BdHHKNS.**  By  Dr.  Anton  Fbitsoh.  Band  II.  Heft  IV.  (pp.  93- 
114,  Pis.  806.-90) ;  Band  HI.  Heft  L  (pp.  1-48,  Pis.  91-102). 
4to.     (Prague,  1889-90.) 

THE  two  latest  parts  of  Dr.  Fritsch's  well-known  work  on  the 
Permian  Yertebrata  of  Bohemia  form  one  of  the  most  im- 
portant contributions  to  our  knowledge  of  the  Paleozoic  Elasmo- 
branohs  that  have  hitherto  appeared.  A  fine  Dipnoan  skeleton  is 
first  described  and  figured  under  the  name  of  Ctetiodtis  tardus^  as  a 
supplement  to  the  preceding  part ;  but  with  the  exception  of  the 
two  pages  and  one  plate  devoted  to  this,  the  whole  of  the  instalmeut 
is  occupied  with  what  the  author  terms  the  **Ordnung  Selachii." 
Following  ancient  custom,  the  Holocephali  are  included  in  the  group 
thus  designated  in  the  preliminary  remarks ;  and,  for  the  purposes 
of  the  memoir,  the  Plagiostomi  are  subdivided  into  the  four  "  tribes  " 
of  Squalides,  Xenaoanthides,  Acanthodides,  and  Bajides. 

Of  the  "  Squalides,"  or  ordinary  Sharks,  only  a  single  tooth  has 
yet  been  found  in  the  Bohemian  Gas-coal.  This  tooth  is  hybodont 
in  form,  and  receives  the  name  of  Hyhodus  vesUtus.  The  determin- 
ation, however,  falls  under  the  same  category  as  the  author's  now- 
abandoned  statement  concerning  the  occurrence  of  a  Permian  species 
of  Ceratodus ;  and  it  by  no  means  proves  the  downward  range  of 
the  Mesozoic  genus  Hyhodus  into  the  Paladozoic  formations.  As  in 
the  case  of  the  Dipnoi  and  the  Pleuracanths,  detached  teeth  of  the 
hybodont  Sharks  are  worthless  for  generic  determination. 

Of  the  <'  Xenacanthides  "  only  the  single  family  of  "Xenacanthidaa" 
is  recognized ;  but  why  the  author  should  depart  from  the  ordinary 
system  of  nomenclature,  and  not  derive  the  title  of  this  family  from 
its  type-genus  PleuracanihuSy  it  is  difficult  to  understand.  The  three 
genera  OrthaeanthuSt  Phuracanthus,  and  Xenaeanthus  are  regarded  as 
quite  distinct,  and  re-defined  upon  the  basis  of  the  new  Bohemian 
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specimens.  The  characters  of  the  teeth,  dorsal  spine,  of  the  denticles 
npon  the  branchial  arches,  and  of  the  pectoral  fins,  are  quoted  as 
diascnostic;  while  of  Pleuraeanthus  and  Xenaeanthus  the  materials 
snflBce  to  justify  the  two  restorations  reproduced  through  the  courtesy 
of  Dr.  Fritsch,  on  the  opposite  page. 

As  in  Britain,  OrthoeatUhus  is  only  known  in  Bohemia  from  com- 
paratively fragmentary  remains.  To  it  are  referred  (i.)  rounded 
spines  having  posteriorly  placed  denticles;  (ii.)  large  teeth  with  a 
relatively  small  median  denticle ;  (iii.)  clustered  branchial  tubercles ; 
and  (iv.)  long  pointed  pectoral  fins  without  homy  fin-rays.  Four 
Bohemian  Permian  species  are  determined,  and  a  fifth  (0.  senhen- 
hergianub)  is  briefly  described  from  the  corresponding  horizon  of 
Lebach.  Even  yet,  however,  the  genus  is  far  from  being  satisfactorily 
diagnosed ;  and  with  reference  to  the  dentition,  we  venture  to  think 
that  it  would  not  be  difficult  to  cite  more  than  one  British  specimen 
proving  the  occurrence  in  one  and  the  same  mouth  of  the  two  forms 
of  teeth  which  Dr.  Fritsch  regards  as  characteristic  of  Orthaeanthus 
and  Pleuraeanthus  respectively. 

Some  brief  remarks  on  three  undetermined  Ichthyodorulites  follow 

the  account  of  Orthaeanthus,  and  bear  the  newly-applied  generio 

names  of  Tuhulaeanthus,  Braehiaeanthus,  and  Plaiyaeanthus.    These 

names  may  be  only  provisional,  but  we  would  remark  that  the  first 

is  an  inadmissible  hybrid,  while  the  two  latter  are  pre-occupied. 

I  The  sections  devoted  to  Pleuraeanthus  and  Xenaeanthus,  with  the 

general  conclusions  resulting  from  the  study  of  these  types,  make 

i       a  most  important  advance  in  our  knowledge  of  the  group  to  which 

I        they  belong.     As  will  be  observed  in  the  author's  restored  figures 

I        of  the  two  genera  (Figs.  1,  2),  Pleuraeanthus  is  a  somewhat  more 

!        slender  fish   than   Xenaeanthus,   and    differs   considerably  in    the 

character  of  the  fins;  in  the  former  genus  there  are  no  dermal 

skeletal  parts  and  the  pectoral  fin  is  much  elongated,  whereas  in 

the  latter  genus  dermal  fin-rays  are  conspicuous  and  the  pectoral 

is  comparatively  short  and  broad.    The  cavity  in  the  dorsal  spine 

is  also   described  as  relatively  smaller  in  Pleuraeanthus  than   in 

Xenaeanthus.     Four   Bohemian   species   of  the  former   genus  are 

determined,  and  short  notes  follow  on  the  Oerman  P.  sessilis  and 

the  French  P.  Oaudryi;   while  of   Xenaeanthus  the   type-species 

X.  Deeheni  is  regarded  as  the  sole  known  representative.    Numerous 

detailed  descriptions  with  beautiful  figures  of  various  parts  of  the 

skeleton  appear  in  connection  with  the  several  species;   and  the 

systematic  work  concludes  with  a  chapter  of  general  observations 

on  the  organization  of  the  Pleuracanth  fishes  as  now  known. 

The  results  are  briefly  summarized  in  the  following  statement : 
The  skin  in  these  fishes  was  destitute  of  scales ;  the  cartilaginous 
skeleton  exhibits  everywhere  a  granular  calcification ;  the  skull 
consists  of  a  continuous  piece  of  cartilage,  without  investing 
membrane  bones ;  the  nuchal  spine  is  fixed  npon  a  papilla  of  the 
cranial  roof,  and  is  not  connected  with  a  fin ;  the  axial  skeleton  of 
the  trunk  is  notochordal,  with  a  calcification  of  the  central  fibres ; 
the  neural  arches  are  strongly  developed,  and. in  two  genera  there 
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are  intercalary  oartilages ;  there  are  seven  branchial  arches;  the 
shoulder-girdle  is  comparable  to  a  branchial  arch ;  the  paired  fins 
must  have  developed  from  a  series  of  parallel  rays,  and  the  joints  of 
the  axial  rod  have  arisen  partly  by  thickening,  partly  by  the  fusion 
of  several  adjoining  rays ;  there  are  no  pelvic  elements,  the  so-called 
''pelvis"  being  the  basipterygium ;  the  claspers  of  old  males  are 
similar  to  those  of  existing  Sharks,  and  there  are  also  the  same 
developments  in  aged  females  ;  the  oval  eggs  have  a  strong  capsule. 
In  conclusion,  Dr.  Fritsoh  finds  the  nearest  living  allies  of  the 
Pleuracanth  fishes  in  the  remarkable  family  of  Notidanidae,  and 
adds  the  inevitable  "  Stammbaum  "  to  show  the  ancestral  position  in 
\7hich  he  would  place  them.  Few  who  closely  study  the  evidence 
will  fail  to  be  convinced  of  the  reasonableness  of  this  arrangement ; 
and  the  majority  will  doubtless  be  disposed  to  follow  the  Professor 
in  his  most  interesting  theoretical  excursus  on  the  origin  and 
development  of  the  paired  fins.  Recent  discoveries  compel  ns  to 
add  only  one  word  of  caution,  namely,  that  it  is  rash  to  assume 
there  were  no  groups  higher  than  the  so-called  "Urfische"  retaining 
the  primitive  parallel  disposition  of  the  cartilaginous  rays  in  the 
paired  fins.  The  fishes  with  a  Gladodont  dentition  lately  made 
known  by  Dr.  Newberry  from  the  Lower  Carboniferous  of  Ohio 
under  the  names  of  Cladodus  Kepleri  and  C.  Fyleri,  seem  to  have 
been  true  Elasmobranchs ;  but  their  pectoral  fins  are  not  "  arohi* 
pterygial "  in  the  sense  of  Gegenbaur's  terminol(^y,  and  appear  to 
consist  merely  of  segmented  parallel  bars.  However  this  may  be, 
the  recent  rapid  advances  in  our  knowledge  of  the  palaeontology  of 
the  Palsdozoic  Elasmobnmchs  must  be  a  source  of  much  gratification 
to  all  who  are  interested  in  the  evolution  of  the  vertebrata ;  and  to 
no  one  are  we  indebted  more  than  to  Dr.  Anton  Fritsch  for  enduring 
contributions  to  the  subject  A.  S.  W. 


II. — Catalogue  or  the  Fossil  Birds  in  the  British  Museum 
(Natural  History),  Cromwell  Road,  S.W.  By  Richard 
Ltdekker,  B.A.,  F.Z.S.,  F.G.S.  (London,  1891.)  Printed  by 
order  of  the  Trustees,  and  sold  by  Eegan  Paul,  Trench, 
Triibner  &  Co.     8vo.  pp.  i-xxviii,  and  368,  with  76  Woodcuts. 

MR.  LYDEEKER  has  earned  the  hearty  thanks  of  all  those 
who  are  interested  in  the  palsontological  history  of  the 
higher  Vertebrates,  by  the  valuable  series  of  Catalogues  of  the  Fossil 
Mammalia,  Aves,  Reptilia,  and  Amphibia  which  he  has  prepared, 
under  the  auspices  of  the  Trustees  of  the  British  Museum  (Natural 
History),  which  form  ten  separate  parts  or  volumes,  containing  31 19 
pages  of  text  illustrated  by  537  woodcuts.  The  earlier  published 
volumes  have  already  been  noticed  in  this  Magazine,  and  we  now 
have  much  pleasure  in  drawing  attention  to  the  final  volume  on  tlie 
Fossil  Birds,  which  has  just  been  completed.  If  we  except  the 
Amphibia,  the  class  Aves  forms  the  smallest  group  of  Vertebrates 
known  in  a  fossil  state ;  yet  the  number  of  living  species  exceeds 
8000.     Thirty-five    years    ago,   it   appeared  as    if   the    hope    of 
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attaining  a  knowledge  of  the  anoestry  of  Fossil  Birds  was  destined 
never  to  be  gratified.  But  in  1861  a  split  slab  of  Lithographio 
Limestone  was  discovered  at  Eicbstadt  near  Solenhofen,  in  Bavaria, 
in  the  Lower  Eimeridgian  formation,  showing  a  nearly  entire 
skeleton  and  impressions  of  the  feathers  of  what  was  at  first  supposed 
to  be  a  Beptile,  but  afterwards  proved  to  be  a  remarkable  long-tailed 
Bird,  with  twenty  slender  caudal  vertebrm,  each  joint  having  a  pair 
of  feathers,  one  feather  on  each  side.  Twenty  years  later,  a  second 
specimen  was  discovered,  identical  with  that  described  by  Prof, 
Owen  in  1862,  but  in  some  respects  more  complete,  from  which  we 
learn  that  the  jaws  were  armed  with  from  ten  to  twelve  teeth  in  the 
pre-mazillary  border  on  each  side,  and  three  or  more  teeth  in  the 
lower  jaw  also ;  the  teeth  were  conical  and  apparently  planted  in 
distinct  alveoli.  The  three  metacarpals  and  the  phalanges  of  the 
fingers  were  free  and  were  armed  with  strong  recurved  claws  like 
those  of  a  Lizard's  fore-limb.  This  singular  creature  is  at  present 
the  earliest,  as  it  is  also  the  most  generalized  bird  with  which  we 
are  acquainted  ;  the  sternum  was  well  developed,  and  probably 
provided  with  a  carina :  indeed,  from  the  characters  of  both  the  fore- 
and  hind-limbs,  we  are  justified  in  concluding  that  ArchaopteryxvrsB 
a  perching,  flying,  Carinate  type  of  Bird ;  it  is  the  only  representative 
of  a  distinct  order,  the  SAUBuajs. 

After  another  interval  of  ten  years,  two  other  types  of  toothed 
Birds  were  discovered  by  Professor  Marsh  in  North  America :  one, 
the  IchihyomiSf  being  a  bird  of  powerful  flight,  with  biconcave 
vertebrsB ;  the  other,  Hesperomis,  had  a  perfectly  flat  stemnm,  and 
was  a  large  flightless  aquatic  Bird,  probably  resembling  the  Loons 
and  Grebes  in  structure.  These  American  birds,  however,  are  from 
the  Upper  Cretaceous  of  Kansas,  and,  although  of  Secondary  age,  are 
much  younger,  and  more  specialized  types  than  the  ArchaopieryXy 
which  is  of  Upper  Jurassic  age. 

Previous  to  these  discoveries  it  had  been  supposed  that  the  great 
group  of  running  Birds,  such  as  the  Ostrich,  Rhea,  Emu,  Cassowary, 
and  Apteryx,  represented  the  earliest  types  known ;  and  seeing 
alflo  that  these  Ratite,  or  raft- breasted  flightless  birds,  have  been 
found  in  a  fossil  state  in  England,  France,  India,  Madagascar,  New 
Zealand,  Australia,  and  America,  it  was  only  natural  to  connect 
them  with  the  still  earlier  discovery  of  Bird  like,  bipedal  impressions 
met  with  so  abundantly  upon  the  slabs  of  Triassic  sandstone  in  the 
Connecticut  Valley.  These  are  now,  however,  commonly  attributed 
to  the  huge  Dinosaurian  reptiles,  whose  remains  have  of  late  years 
been  met  with,  both  in  N.  America  and  in  Europe,  many  of  which 
evidently  progressed  upon  their  hind-legs  only,  and,  having  the  same 
number  of  toe-bones  as  a  bird,  might  have  left  similar  foot-prints. 

Of  the  other  early  remains  of  Birds  known  in  a  fossil  state,  by  far 
the  greater  part  are  in  an  extremely  fragmentary  condition.  Thus 
the  Enaliomis  Barreiti,  from  the  Cambridge  Greensand,  is  fouuded 
upon  an  isolated  fragmentary  bone,  the  tarso- metatarsus.  The 
OdoHtopieryx  toliapiea  is  founded  on  an  imperfect  skull  from  the 
London  Clay  of  Sbeppey,  was  considerably  larger  than  that  of 


Digitized  by  VjOOQIC 


880        Reviews — R.  Lydekker^B  Catalogue  of  Fossil  Birds, 

a  Solan  Goose,  which  had  the  margins  of  the  hones  of  both  the 
upper  and  lower  jaws  coarsely  serrated,  and  was  no  doubt  also  a 
large  fish-eating  Bird.  Numerons  remains  of  carinate  Birds  are 
represented  Id  the  Collection  by  detached  bones  from  various  localities 
and  deposits,  all  of  Tertiary  age,  and  many  of  them  referred  to 
existing  genera.  The  Great  Auk  (Aha  impennis)  is  recorded 
from  a  guano  deposit  on  Funk  Island  off  the  coast  of  Newfound- 
land; nearly  all  the  bones  with  the  exception  of  the  phalangeer 
are  preserved ;  this  is  one  of  a  dozen  or  more  individuals  found  by 
Professor  John  Milne,  F.R.S. 

By  far  the  most  important  part  of  the  Collection,  if  we  except 
the  Arehaopteryx,  consists  of  the  remains  of  the  Ratite  Birds,  the 
Mpyomis  of  Madagascar  being  represented  by  two  species,  namely, 
JE,  maximuSj  casts  of  the  femur,  the  tibio-tarsus,  and  the  tarso- 
metatarsal bones,  reproduced  from  types  in  the  Paris  Museum ;  the 
shaft  of  an  actual  bone,  and  an  entire  egg,  36  inches  in  longest 
circumference  by  30*3  inches  in  girth  ;  and  jE,  mediuSf  an  egg,  30*3 
inches  in  longest  circumference,  and  26*3  inches  in  girth. 

The  Indian  Ostrich  (Struthio  Asiaticus)^  from  the  Pliocene  of 
the  Siwalik  Hills,  is  represented  by  a  conjoined  mass  of  bones, 
comprising  nine  cervical  vertebne  in  natural  juxtaposition,  some 
imperfect  bones  of  the  wing,  and  the  distal  portion  of  the  right 
tarso-metatarsus,  together  with  the  greater  portion  of  the  proximal 
phalangeal  of  the  third  digit  in  apposition  with  the  latter.  The 
Basomis  Londimensis  is  only  known  by  the  oranium  from  the 
London  Clay  of  Sheppey ;  but  taken  in  connexion  with  the  discovery 
of  the  limb-bones  of  another  Struthious  Bird,  the  Oastomis  Ktaasseni, 
in  the  Lower  EiOcene  of  Croydon,  Surrey,  we  may  conclude  that 
Ostrich-like  Birds  lived  in  this  country,  and  also  in  France  and 
Belgium,  in  Eocene  times.  Of  the  great  flightless  birds  of  New 
Zealand,  no  fewer  than  six  skeletons  have  been  set  up  in  the 
Gallery,  representing  at  least  five  species ;  there  is  also  a  very  large 
collection  of  detached  bones  referred  to  some  twenty  different 
species,  all  described  by  Prof.  Owen.  Some  of  these  remains  are 
so  recent  as  to  be  still  covered  with  dried  skin  and  traces  of  feathers, 
showing  that  their  extermination  in  those  islands  must  have  been 
of  very  modern  date,  and  no  doubt  due  to  the  hand  of  man. 

Owen's  genus  Dinomisj  we  observe,  has  been  subdivided  by 
Lydekicer  into  five  genera ;  but  we  venture  to  question  the  desirability 
of  this  course,  seeing  how  great  is  the  individual  diversity  presented 
by  the  skeletons  of  these  large  running  Birds ;  we  incline  rather  to 
the  view  that  they  are  the  result  of  local  variation  produced  by 
scarcity  or  abundance  of  food  and  the  nature  of  their  habitat ;  even 
difference  of  sex  may  account  for  size  and  robostness  in  individuals. 

Whilst  on  the  subject  of  nomenclature,  we  would  also  question 
the  right  to  substitute  H.  von  Meyer's  specific  name  Uthographica 
for  ArehcBopteryx  macrtira,  the  latter  name  having  been  given  to 
the  original  skeleton  of  the  long-tailed  Bird  from  Solenhofen  by 
Owen,  whereas  Meyer's  name  was  only  applied  to  a  detached 
feather  of  some  Bird  found  in  the  same  deposit  a  year  or  two 
previously.    The  only  justification  which  we  can  conceive  for  this 
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4iot,  is  that  of  the  old  proverb,  that "  Birds  of  9k  feather  flock  together." 
But  the  eTidenoe  of  identity  is  by  no  means  oonolusive,  and  it  seems 
hard,  therefore,  on  Sir  Riohard  Owen  to  wipe  out  his  specific  name 
with  a  feather,  he  baying  been  the  original  desoriber  of  the  almost 
entire  skeleton. 

Too  much  praise  oannot  be  aooorded  to  the  Trustees  of  the  British 
Museum,  Natural  History,  for  authorizing  the  publication  of  the 
long  series  of  Catalogues  of  Recent  and  Fossil  forms,  in  the  Collec- 
tions under  their  control,  and  we  earnestly  trust  that  the  work  may 
be  continued  until  all  the  groups,  both  of  Vertebrate  and  Invertebrate 
life,  have  been  similarly  reooitled  and  illustrated. 

III. — Mb.  0.  A.  BoTJLBNOBB  ON  Extinct  Bbptilul^ 

MR  BOULENGEB  contributes  three  papers  of  much  palaaonto- 
logical  interest  to  the  June  number  of  the  Proceedings  of  the 
Zoological  Society.  The  first  deals  with  some  fragmentary  Eocene 
Chelonian  remains ;  the  second  and  third  relate  to  taxonomic  questions 
of  wide  importance. 

During  an  examination  of  the  reptilian  fossils  in  the  Museum  of 
the  Boyal  College  of  Surgeons,  Mr.  Boulenger  met  with  a  skull  of 
Trionyx^  apparently  from  the  well-known  Upper  Eocene  formation 
of  HordweU  Cliff,  and,  if  so,  proving  that  the  species  represented 
is  a  typical  member  of  the  genus.  The  skull  much  resembles 
that  of  the  existing  T.  hurum,  and  it  is  provisionally  referred  to 
T,  p/antif  (Owen),  of  which  the  shell  is  also  closely  paralleled  by 
that  of  the  recent  species  just  mentioned.  A  Sheppey  fossil  in  the 
same  collection,  described  by  Owen  as  ''  the  lower  or  distal  end  of 
the  tympanic  bone  of  the  Croeodilue  toliapieusy^  is  shown  to  be  the 
proximal  end  of  the  left  humerus  of  an  Athecan  Turtle,  evidently 
Eoephargis  gigae ;  while  of  two  other  fossils  referred  by  Owen  to 
the  same  "  Crocodile*'  the  so-called  '*  portion  of  the  left  ramus  of  the 
lower  jaw"  is  stated  to  be  part  of  a  scapula  of  Eoephargia^  and 
"  another  portion  of  the  right  ramus  of  the  lower  jaw  "  truly  belongs 
to  a  Liassio  Plesiosaurian.  Incidentally  it  is  pointed  out,  that  no 
species  of  the  genus  Crocodilus  occurs  in  the  Eocene,  the  so-called 
C.  Spenceri  being  referable  to  Diploeynodon. 

A  study  of  the  osteology  of  Heloderma  and  an  attempt  to  determine 
its  systematic  position,  lead  Mr.  Boulenger  to  express  his  views  upon 
the  classification  of  the  order  Squamata.  Referring  only  to  the 
structure  of  the  vertebral  column  and  limbs  the  following  table  of 
diagnoses  is  given : — 

Order  Squamata. 
A.  Pectoral  arch  or  its  radimentB  present.    Gaadal  hypapophyses  forming  cherrons. 

Suborder  I.  Doliehosauri^.     16-17  cervical  vertebra.    Extremities  archaic,  i.0. 
approaching  the  Batrachian  type. 

1  <<  On  Some  Chelonian  Remains  preserved  in  the  Mnsenm  of  the  Royal  College 
of  Surgeons,**  Proc.  Zool.  Soc.  1891,  pp.  4-8,  figs.  1-6. 

*'  Notes  on  the  Osteolo^of  Heloderma  horridum  and  S,  tutpeetumf  with  Remarks 
on  the  Systematic  Position  of  the  Helodermatides  and  on  the  YertebrtB  of  the 
Lacertilia,**  ibid.  pp.  109>118,  figs.  1-6. 

'*  On  British  Remains  of  Botrugosaunu,  with  Remarks  on  the  Classification  of 
the  Khynchocephalia,"  ibid.  pp.  167-172,  figs.  1,  2. 
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Suborder  II.  Fythonomorpha,    9  or  10  cerrical  TertebrsB.    ExtremitieB  padcQe- 

Bhaped,  with  hyperphalangy. 
Suborder  III.  Xa<«r^i/M.    8  or  9  cervical  vertebrsB.    Fibula  reduced  proximallj ; 

fifth  metatarsal  reduced  in  length  and  strongly  modified. 
Suborder  IV.  Rhiptoglotsa.    6  oernoal  vertobrsB.    Extremities  pincer-shaped ; 

all  the  metatarsalB  reduced  in  length  and  strongly  modified. 
B.  No  trace  of  a  pectoral  arch.    Caudal  hypapophyses  disooimected  distally. 
Snborder  Y.  Ophidia. 

Figures  of  the  hind  limb  are  added,  the  so-called  Hydrosaums 
leBinenBta  of  the  Cretaceous  being  selected  as  a  typical  representative 
of  Dolichosaurus. 

The  left  mandibular  ramus  of  a  small  Rhjnohooephalian  reptile, 
also  in  the  Museum  of  the  Royal  College  of  Surgeons,  forms  the  text 
of  Mr.  Bonlenger's  third  contribution.  An  examination  of  the  matrix 
suggests  that  the  specimen  was  probably  obtained  from  the  Lower 
Oolites  of  Wiltshire ;  and  the  left  maxilla  of  a  nearly  similar  reptile, 
from  the  Purbeck  Beds  of  Swanage,  is  recorded  as  having  been 
recently  acquired  by  the  British  Museum.  These  fossils  are  believed 
to  be  referable  to  HomoBosaurwt,  and  the  first  is  described  and  figured 
as  the  type  of  a  new  species,  H.  major.  To  the  same  species  is  also 
assigned  a  mandible  from  the  Eimmeridgian  of  Hanover  described 
by  Struckmann  in  the  Zeitschn  deutsch.  geol.  Oes.  vol.  xxv.  p.  249, 
pi.  vii.  Some  remarks  on  the  systematic  position  of  HomcBOBaurus 
follow;  and  after  several  critical  observations  in  regard  to  the 
non -diagnostic  character  of  most  of  the  existing  definitions  of  the 
Bhynchocephalia  and  the  component  families  of  the  order,  the 
following  revised  table  is  appended  : — 

Order  RHTircHocEFHAi.iA. 

Suborder  I.  Frotb&osau&ia.  Each  transverse  segment  of  the  plastron  composed 
of  numerous  pieces.  Pubis  and  ischium  plate-like.  Fifth  metatarsal  not 
modified. 

YertebrsB  conically  excarated  at  either  end,  with  persistent  notochord,  all 
with  intervertebral  hypapophyses ;  limb -bones  without  condyles  ;  humerus 
with  entepioondylar  foramen 1.  Paiaohatteriida, 

Yertebrse  fully  ossified,  cenricals  opisthocoelous,  dorsals  biconcaye ;  no  hypa- 
pophyses between  the  dorsal  vertebrsd ;  limb-bones  with  condyles  ;  humerus 
with  entepioondylar  foramen  or  groove 2.  Froterotaurida, 

Suborder  II.  Ehtnchocbphalia  yeka.  Each  transverse  segment  of  the  plastron 
composed  of  three  pieces,  a  median  angulate  and  a  pair  of  lateral.  Phibis  and 
ischium  elongate,  and  fifl^  metatarsal  modified,  as  in  the  Lacertilia. 

A.  Nasal  openings  distinct.    Mandible  with  coronoid  process,  the  rami  not  united 

by  suture.     VertebrsB  deeply  biconcave. 

Humerus  with  ectepicondylar  and  entepicondylar  foramen ;  ribs  with  uncinate 
processes ;  all  the  vertebrsB  with'  intercentral  hypapophyses.    3.  Hatteriidm. 

Humerus  with  entepicondylar  foramen ;  ribs  without  uncinate  processes ;  no 
hypapophyses  between  the  dorsal  vertebne 4.  SonuBosauridm, 

B.  Nasal  opening  single.     Mandible  withoat  coronoid  process,  the  rami  united 

in  a  solid  symphysis.  Vertebrae  fully  ossified,  feeoly  biconcave ;  no  hypa- 
pophyses between  the  dorsal  vertebrsB.  Humerus  with  ectepicondylar  foramen 
or  groove. 

Snout  short,  ending  in  a  beak 6,  Shyneho$auridm, 

Snout  crocodilian  in  shape,  with  toothed  premaxillaries 

6.  ChamptoMuridm. 
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June  10,  1891.— Sir  Archibald  Geikie,  LL.D.,  P.B.S.,  Preeident, 

in  the  Chair. 

A  Special  General  Meeting  was  held  at  745  p.m.,  before  the 
Ordinary  General  Meeting,  at  which  the  following  resolution  was 
proposed  by  Dr.  Eyams,  seconded  by  Mr.  Baubkman,  and  carried 
unanimously  : — That  the  Society  approve  of  the  recommendation  of 
Council  that  Mr.  Isaac  Charlton,  the  House  Steward,  on  his  retire- 
ment, after  fifty  years'  service,  be  granted  a  pension  of  £70  per 
annum  for  life. 

Before  the  commencement  of  the  general  business,  Prof.  Blake 
rose,  on  behalf  of  those  present  at  the  meeting,  to  congratulate  the 
President  on  the  honour  that  it  had  pleased  Her  Majesty  to  confer 
upon  him.  No  one  who  knew  him  could  £Bkil  to  appreciate  how 
thoroughly  it  was  deserved;  and  the  Geological  Society  would 
doubtless  feel  also  the  honour  conferred  on  their  science  in  the 
person  of  their  President  and  the  Head  of  the  Geological  Survey  of 
the  United  Kingdom. 

The  Pbksidbnt  referred  to  the  services  of  the  late  Dr.  Duncan, 
and  suggested  that  in  the  name  of  the  Society  a  message  of  cordial 
sympathy  should  be  sent  to  Mrs.  Duncan  on  the  great  loss  which 
had  befallen  her.  This  proposal  was  approved  of  by  the  Fellows 
present;  and  the  Svobetabt  was  requested  to  communicate  with 
Mrs.  Duncan. 

The  following  communications  were  read : — 

1.  "  Note  on  some  Recent  Excavations  in  the  Wellington  College 
districi"     By  the  Rev.  A.  Irving,  B.A.,  D.Sc.,  F.G.S. 

This  paper  furnishes  new  facts  of  Bagshot  stratigraphy  obtained 
from  open  sections  since  the  author's  last  paper  was  read  on  Nov. 
12th,  1890.  The  whole  sequence  of  the  beds,  as  given  in  the 
published  section  of  the  College  Well,  has  now  been  verified  at  their 
respective  outcrops;  percentages  of  clay  in  the  beds  laid  open  in 
excavations  in  March  last  along  the  critical  portion  of  the  ground 
are  given  as  results  of  mechanical  analyses  of  samples  of  them  ;  and 
the  northerly  attenuation  of  the  green -earth  series  and  of  the  quartz- 
sand  series  is  reduced  to  a  question  of  mere  measurement,  for  which 
the  requisite  data  are  now  to  hand. 

The  author  claims  to  have  demonstrated  that  the  mapping  of  the 
Geological  Survey  contradicts  itself;  that  later  workers  in  adopting 
this  as  the  basis  of  their  work  along  the  S.E.  Railway  have  fallen 
into  serious  error ;  and  that  a  complete  contradiction  is  given  by  the 
facts  to  the  adverse  criticisms  ofi\3red  on  his  corrected  section  along 
the  railway,  which  was  exhibited  in  November  last,  and  is  repro- 
duced for  the  present  paper. 

2.  ''Notes  on  some  Post-Tertiary  Marine  Deposits  on  the  South 
Coast  of  England."  By  Alfred  Bell,  Esq.  Communicated  by  R. 
Etheridge,  Esq.,  F.R.S.,  F.G.S. 
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The  anthor^B  object  in  this  paper  is  to  trace  the  BuoceBsive  Btages 
in  the  development  of  the  present  coast  of  the  north  side  of  the 
English  Channel,  and  to  ascertain  the  sources  of  the  diversified 
faunas. 

The  first  traces  of  marine  action  on  the  South  Coast  in  Post- 
Tertiary  times  are  found  on  the  foreshore  in  Bracklesham  Bay.  The 
author's  reading  of  the  section  is  somewhat  different  from  that  of 
the  late  Mr.  Godwin-Austen ;   and  he  divides  the  marine  series  into 

(1)  an  estuarine  clay  with   Mollusca  common  to  estuarine  flats; 

(2)  a  compact  hard  mud ;  and  (3)  a  bed  of  fine  sandy  silt  with  many 
organisms.  These  beds  indicate  a  change  from  estuarine  to  deep- 
water  conditions.  A  full  list  of  the  Selsey  fossils  is  given,  including, 
amongst  other  animals,  upwards  of  200  Mollusca,  Of  35  species  of 
Mollusca  not  now  living  in  Britain,  the  majority  exist  in  Lusitanian, 
Mediterranean,  or  African  waters ;  furthermore,  nearly  45  per  cent 
of  the  Mollusca  are  common  to  the  older  Crags  of  the  Eastern 
counties.  The  author  considers  the  fauna  of  the  Portland  Bill  shell- 
beds  to  indicate  the  further  opening  of  the  Channel  subsequent  to 
the  formation  of  the  Severn  Straits,  and  believes  that  this  fauna 
represents  the  deposits  wanting  between  the  Selsey  mud-deposits 
and  the  erratic  blocks  which,  according  to  him,  overlie  the  mud; 
these  Portland  shells  indicate  an  intermediate  temperature  "  rather 
southern  than  northern ''  according  to  Dr.  Gwyn  Jeffreys. 

In  conclusion,  details  concerning  still  newer  beds  are  given,  and 
lists  of  fossils  found  therein ;  and  the  author  observes  that  there  \b 
no  evidence  to  show  when  the  English  Channel  finally  opened  up, 
beyond  the  suggestion  of  Mr.  Godwin-Austen  that,  if  the  Sangatte 
beds  and  the  Coombe  Bock  are  of  the  same  period,  it  most  have 
taken  place  after  ^eir  formation. 


OODBaBES:POITX)E25rCE- 


PPAFrS  "ALLGEMEINE  GEOLOGIE." 

Snt, — By  an  inadvertence  I  have,  in  quoting  Dr.  Pfaff's  work  on 

p.  301  of  the  July  Number  of  the  Geol.  Mao.  confused  the  title 

with  that  of  a  well-known  work  by  Justus  Both.     The  true  title  of 

Pfaff's  work  referred  to  is  AUgemeine  Oeologie  ah  exacie  TFtWn- 

schaft,    I  shall  be  greatly  obliged  if  you  can  afford  space  for  this 

correction  in  the  forthcoming  Number.  .    _ 

*^  A.  Irvtno. 


MOLARS  OP  PERISSODACTYLA  ;— A  CORRECTION. 

Sib, — In  my  notice  on  this  subject  on  page  321,  line  15  from  top, 
I  have  inadvertently  written  crotchet  instead  of  anti-crotchet 

B.  Lydekkeb. 
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I. — Bestokation  ow  Stkgosaubus. 

By  Prof.  0.  C.  Mabsh,  Ph.D.,  LL.D.,  F.G.S.,  etc. 

(PLATE  XI.) 

IN  the  American  Journal  of  Science  in  1877,  the  writer  described 
a  remarkable  extinct  reptile  from  Colorado,  under  the  name 
Stegosaurtu  armatus,^  and  later  a  much  more  perfect  specimen  of 
another  species,  Stegosaurtu  ungulatuBf  from  essentially  the  same 
horizon,  in  the  Jurassic  of  Wyoming.*  The  latter  specimen  was 
in  fine  preservation,  and  the  more  important  parts  of  the  skull  and 
skeleton,  and  especially  of  the  remarkable  dermal  armour,  were 
Beoored.  Subsequently,  more  than  twenty  other  specimens  of  these 
and  other  species  were  obtained,  so  that  nearly  every  part  of  the 
osseous  structure  thus  became  known,  and  only  portions  of  the 
dermal  armour  were  in  doubt.  A  fortunate  discovery  cleared  away 
most  of  the  doubt  in  regard  to  one  species,  Stegosaurus  stenops,  as 
the  type  specimen  had  the  skull,  skeleton,  and  dermal  armour 
together  when  entombed,  and  almost  in  the  position  they  were  when 
the  animal  died. 

With  this  rich  material  at  hand,  an  attempt  has  been  made  to 
give  a  restoration  of  one  of  the  group,  and  the  type  specimen  of 
Stegosaurus  ungulatus  has  been  selected  as  the  basis.  This  has  been 
rapplemented  by  a  few  portions  of  the  skeleton  of  Stegosaurus  duplex, 
apparently  a  closely  allied  species  from  nearly  the  same  locality, 
wUle  some  other  parts,  especially  of  the  dermal  armour,  have  been 
placed  in  acoordaace  with  their  known  position  in  Stegosaurus 
iUnops, 

The  result  is  given  in  Plate  XL,  which  is  believed  to  represent 
fiiithfuUy  the  main  features  of  this  remarkable  reptile,  as  far  as  the 
skeleton  and  principal  parts  of  the  dermal  armour  are  concerned. 
This  figure,  one  thirtieth  natural  size,  is  reduced  from  a  larger 
lestoration,  one-tenth  natural  size,  made  for  a  lithographic  plate 
to  accompany  the  monograph  of  the  Stegosauria,  prepared  by  the 
writer  for  the  U.  S.  Geological  Sarvey.  When  alive,  the  animal 
was  about  twenty  feet  in  length,  and  nearly  or  quite  twelve  feet 
in  height. 

^  American  Journal  of  Science,  III.  vol.  riv.  p.  513,  December,  1877. 
'  Ikid.  vol.  xriii.  p.  504,  December,  1879.     See,  also,  vol.  xix.  p.  253,  March, 
1880 ;  Tol.  xxi.  p.  167,  February,  1881 ;  and  Yol.  xxxiv.  p.  413,  November,  1887. 
DiOAos  in.— VOL.  vm.— NO.  IX.  25 
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In  this  restoration,  the  animal  is  represented  as  walking,  and  the 
position  is  adapted  to  that  motion.  The  head  and  neck,  the  massive 
fore  limhs,  and,  in  fact,  the  whole  skeleton,  indicate  slow  looomotioii 
on  all  fonr  feet.  The  longer  hind  limbs  and  the  powerful  tail  show, 
however,  that  the  animal  oould  thus  support  itself,  as  on  a  tripod* 
and  this  position  must  have  been  easily  assumed  in  oonsequenoe  of 
the  massive  hind  quarters. 

In  the  restoration  as  here  presented,  the  dermal  armour  is  the 
most  striking  feature,  but  the  skeleton  is  almost  as  remarkable,  and 
its  high  specialization  was  evidently  acquired  gradually  as  the 
armour  itself  was  developed.  Without  the  latter,  many  points  in 
the  skeleton  would  be  inexplicable,  and  there  are  still  a  number 
that  need  explanation. 

The  small,  elongated  skull  was  covered  in  front  by  a  homy  beak. 
The  teeth  are  confined  to  the  maxillary  and  dentary  bones,  and  are 
not  visible  in  the  figure  here  given.  They  are  quite  small,  with 
compressed,  fluted  crowns,  and  indicate  that  the  food  of  this  animal 
was  soft,  succulent  vegetation.  The  vertebne  are  solid,  and  the 
articular  faces  of  the  centra  are  bi-concave  or  nearly  flat  The  ribs 
of  the  trunk  are  massive,  and  placed  high  above  the  centra,  the 
tubercle  alone  being  supported  on  the  elevated  diapophysis.  The 
neural  spines,  especially  those  of  the  sacrum  and  anterior  caudals, 
have  their  summits  expanded  to  aid  in  supporting  the  massive 
dermal  armour  above  them.  The  limb  bones  are  solid,  and  this  is 
true  of  every  other  part  of  the  skeleton.  The  feet  were  short  and 
massive,  and  the  terminal  phalanges  of  the  functional  toes  were 
covered  by  strong  hoofs.  There  were  five  well-developed  digits 
in  the  fore  foot,  and  only  three  in  the  hind  foot,  the  first  toe  being 
rudimentary,  and  the  fifth  entirely  wanting. 

In  life,  the  animal  was  protected  by  a  powerful  dermal  armour, 
which  served  both  for  defence  and  offence.  The  throat  was  covered 
by  a  thick  skin  in  which  were  imbedded  a  large  number  of  rounded 
ossicles,  as  shown  in  the  figure.  The  gular  portion  represented  was 
found  beneath  the  skull,  so  that  its  position  in  life  may  be  regarded 
as  definitely  settled.  The  series  of  vertical  plates  which  extended 
above  the  neck,  along  the  back,  and  over  two-thirds  of  the  tail,  is 
a  most  remarkable  feature,  which  could  not  have  been  anticipated, 
and  would  hardly  have  been  credited  had  not  the  plates  themselves 
been  found  in  position.  The  four  pairs  of  massive  spines  charac- 
teristic of  the  present  species,  which  were  situated  above  the  lower 
third  of  the  tail,  are  apparently  the  only  part  of  this  peculiar 
armour  used  for  offence.  In  addition  to  the  portions  of  armoar 
above  mentioned,  there  was  a  pair  of  small  plates  just  behind  the 
skull,  which  served  to  protect  this  part  of  the  neck.  There  were 
also,  in  the  present  species,  four  flat  spines,  which  were  probably 
in  place  below  the  tail,  but  as  their  position  is  somewhat  in  doubt, 
they  are  not  represented  in  the  present  restoration. 

AH  these  plates  and  spines,  massive  and  powerful  as  they  now  are, 
were  in  life  protected  by  a  thick,  homy  covering,  which  must  have 
greatly  increased  their  size  and  weight.    This  covering  is  clearly 
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indioated  by  the  Taaonlar  grooves  and  impressions  which  mark  the 
Barfaoe  of  both  plates  and  spines,  exoept  their  bases,  which  were 
evidently  implanted  in  the  thick  skin. 

The  peculiar  groap  of  extinct  reptiles  named  by  the  writer  the 
Stegoaauria,  of  which  a  typical  example  is  represented  in  the  present 
restoration,  are  now  so  well  known,  that  a  more  accurate  estimate  of 
their  relations  to  other  Dinosaurs  can  be  formed  than  has  hitherto 
been  possible.  They  are  evidently  a  highly  specialized  sub-order 
of  the  great  group  which  has  the  typio^  Omithopoda  as  its  most 
characteristic  members,  and  all  doubtless  had  a  common  ancestry. 
Another  highly  specialized  branch  of  the  same  great  order  is  seen 
in  the  gigantic  Ceratapaia,  of  the  Cretaceous,  which  the  writer  has 
recently  investigated  and  made  known.  The  skeleton  of  the  latter 
group  presents  many  interesting  points  of  resemblance  to  that  of 
the  Stegosauria,  which  can  hardly  be  the  result  of  adaptation  alone, 
but  the  wide  difierenoe  in  the  skull  and  in  some  other  parts  indicates 
that  their  affinities  are  remote.  A  comparison  of  the  present  restor- 
ation with  that  of  Trieeratopa,  recently  published  by  the  wiiter,^ 
will  make  the  contrast  between  the  two  forms  clearly  evident 

All  the  typical  members  of  the  SUgoiaurta  are  from  the  Jurassic 
formation,  and  the  type  specimen  used  in  the  present  restoration 
was  found  in  Wyoming,  in  the  Atlantosaunis  beds  of  the  Upper 
Jurassic.  Diracodon,  a  genus  nearly  allied  to  StegoBaurtu,  occurs 
in  the  same  horizon.  Omosaurus  of  Owen,  from  the  Jurassic  of 
England,  is  the  nearest  European  ally  now  known,  but  whether  it 
possessed  a  crest  of  dermal  plates  like  that  of  Stegosawrus  is  doubtful, 
although  caudal  spines  were  evidently  present. 

IL — ^ThI  SoANDINAVIAN   OlAOIBR,    and   SOMJB  IlfFBBKNOES 
DERIVED   FBOM   IT. 

By  T.  F.  Jamibson,  F.G.S. 

IT  is  now  fifty  years  since  Charpentier '  told  us  that  the  heaps  of 
Northern  boulders  which  stretch  across  the  plains  of  Prussia 
and  Saxony  mark  the  ancient  limits  of  the  great  glacier  of  Scandi- 
navia, and  that  the  smaller  debris  met  with  farther  south  represents 
the  stuff  carried  on  by  the  torrents  that  escaped  from  the  margin  of 
the  ice.  All  this  he  explained  to  his  incredalons  contemporaries, 
and  now  after  half  a  century  of  debate,  in  which  every  other  con- 
ceivable mode  of  accounting  for  the  phenomena  has  been  tried,  it 
seems  to  he  agreed  on  all  hands  that  he  was  right — right  in  every 
particular — but,  strange  to  say,  it  appears  to  be  now  generally  for- 
gotten that  he  was  the  man  to  whom  we  owe  the  first  sketch  of  this 
explanation. 

Agassiz,'  in  1846,  alluding  to  the  previous  observations  of  Char- 
pentier, candidly  said,  "  I  was  unable  to  believe  in  his  conclusions 
when  he  first  imparted  them  to  me,  and  I  made  observations  in  order 

»  See  Gbol.  Mao.  Dec.  III.  Vol.  VII.  1890,  PL  I.  pp.  1-6.  and  Vol.  VIII. 
1891,  pp.  193-199,  Pis.  IV.  and  V.,  and  pp.  241-260,  PI.  VII.;  and  Amer.  Joum. 
of  Science,  vol.  xli.  p.  339,  April,  1891. 

'  Eesai  snr  les  Glaciers,  note  to  p.  319. 

'  Bull.  Geol.  Soo.  France,  2  ser.  ill.  p.  420,  6  April,  1846. 
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to  combat  them,  but  I  have  been  oonverted  to  his  mode  of  view." 
Gharpentier,  however,  tells  ns  that  it  was  his  friend  Yenetz  who 
was  the  first  to  perceive  (as  he  tersely  puts  it)  that  *'  tout  le  phe- 
nomine  da  terrain  erratiqae  trouvait  son  explication  dans  Texistence 
ancienne  d'immenses  glaciers." 

When  the  Scandinavian  Olacier  reached  its  maximum,  it  extended 
over  most  of  Northern  Europe  and  stretched  eastward  beyond 
Moscow.  To  the  south-east  it  went  as  far  as  the  50th  parallel  of 
lat.  on  the  banks  of  the  Dnieper,  and  from  that  its  southern  border 
ran  westward  along  the  northern  base  of  the  Carpathian  Mountains 
and  Hie  hills  of  Central  Oermany  to  the  mouth  of  the  Rhine.  K 
the  starting-point  lay  in  the  mountain-chain  of  Scandinavia,  the  ice 
must  have  travelled  to  the  south-east,  a  distance  of  fully  1000  miles. 
Nitikin  ^  tells  us  that  the  northern  erratics  extend  over  the  whole 
Government  of  Tschemigow  and  the  east  part  of  that  of  Eiew,  but 
the  unstratified  brown  Boulder-day  which  accompanies  them  does 
not  go  beyond  the  eastern  border  of  the  Tschemigow  Gh>vemment. 

Gisneral  Helmersen '  says  that  heaps  of  northern  boulders,  generally 
of  small  size,  but  some  of  them  four  feet  in  length,  occur  as  far  as 
Moscow,  while  further  south  they  rapidly  diminish  in  size  to  mere 
pebbles.  The  large  angular  blocks  mentioned  as  occurring  in  the 
Gh)vemment6  of  Eursk  and  Woronesh  are  not  erratics,  but  consist  of 
sandstone  the  same  as  that  of  the  district  in  which  they  are  found. 
The  size  of  the  erratics  diminishes  gradually  with  the  distance  from 
their  source.  In  Finland  they  are  often  as  big  as  cottages,  and  in 
the  Government  of  St.  Petersburg  blocks  of  large  dimensions  may 
also  be  seen.  Most  of  them  are  of  granite  and  gneiss,  such  as  occur 
in  Finland  and  Northern  Norway. 

Judging  from  the  accounts  of  Torell,  De  Geer,  and  other  Swedish 
geologists,  the  stream  of  ice  that  came  down  the  Baltic  must  have  had 
a  length  equal  to  fifteen  degrees  of  latitude,  or  more,  and  the  whole 
tenor  of  the  evidence  leads  me  to  think  that  I  am  not  overstating, 
when  I  say  that  the  Scandinavian  glacier  travelled  in  some  directions 
at  least  1000  miles.  The  reason  why  it  went  so  far  to  the  south-east 
no  doubt  was  because  there  were  neither  hills  nor  opposing  glaciers 
to  obstruct  its  march,  and  the  plains  of  Bussia  gave  ample  room 
for  it  to  spread  freely  onwards.  The  Canadian  ice  seems  to  have 
travelled  nearly  as  far  in  a  south-westerly  direction,  and  for  similar 
reasons. 

Now  what  would  be  the  inclination  or  slope  of  the  surface  in  a 
glacier  of  such  dimensions  ?  The  nearest  thing  of  the  kind  that  we 
have  any  knowledge  about  is  the  ice-sheet  of  Greenland.  What  the 
average  slope  of  its  surface  amounts  to  has  not  yet  been  properly 
determined,  but  from  all  we  have  hitherto  learned  it  does  not  seem 
to  be  less  than  half  a  degree,  or  46  feet  per  mile.    In  the  glaciers  of 

^  S.  Nitikin,  Die  grenze  der  Gletscher  sparen  in  Bossland  imd  dem  Ural  Oebiige, 
Peterm.  Oeog.  Hit.  1886 ;  eIbo  Geol.  Bau  der  Eiaenbahn  linie,  Gomel  Briansk, 
Russia,  1887. 

'  G.  y.  Helmersen,  Studien  iiber  die  Wanderblocke  nnd  die  Diluvial  Gebilde 
Bnaalands,  Mem.  de  I'Acad.  Imp.  des  Sci.  St.  Petersburg,  1869. 
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the  Swiss  Alps  the  smallest  mean  inolination  is  3°  or  six  times 
greater. 

Nordenskiold's  Expedition,  in  1883,  in  lat  68^,  was  alleged  to 
have  penetrated  160  miles  into  the  interior  of  Greenland,  at  which 
distanoe  an  altitude  of  6000  feet  was  said  to  have  heen  attained. 
This  would  giTO  an  average  rise  of  37^  feet  per  mile  over  the  whole 
distanoe ;  but  I  suspeot  these  figures  cannot  be  relied  upon,  because 
we  are  told  the  last  115  miles  were  done  by  the  Laplanders  of  the 
party,  whose  estimate  of  the  distance  seems  to  have  depended  on 
mere  conjecture.  Nordenskiold  himself  attained  a  distanoe  of  only 
62  miles  from  the  outer  edge,  at  which  point  he  made  the  altitude  to 
be  4500  feet  or  72^  feet  per  mile.  The  positions  of  his  camp  were 
determined  by  solar  observations,  the  other  distances  by  pedometers, 
while  the  heights  seem  to  have  been  fixed  by  the  barometer.  How 
the  Lapps  estimated  the  height  they  reached  I  have  been  unable  to 
ascertain. 

Dr.  Hayes,  who  believed  that  he  penetrated  70  miles  into  the 
interior  of  Oreenland,  found  that  the  surface  of  the  ice  had  a  slope 
at  first  of  about  6^,  and  then  diminished  gradually  to  2^  at  the  end 
of  the  first  30  miles.  At  70  miles  from  the  coast  he  calculated  that 
he  had  attained  an  altitude  of  5000  feet,  which  would  give  about 
71  feet  per  mile,  and  this  is  almost  the  same  result  as  that  obtained 
by  Nordenskiold  himself.  Dr.  Nansen  states  that,  in  1886,  an 
American,  R.  E.  Peary,  travelled  100  miles  from  the  edge  of  the 
iceblink,  his  highest  elevation  being  7525  feet  This  was  further 
north  than  Nordenskiold's  route  in  1883,  and  gives  75  feet  per  mile. 

Nansen  and  his  party,  in  1888,  landed  on  the  east  coast  of 
Greenland  at  lat  61^  30^,  and  then  travelled  along  the  coast  north- 
ward to  Umiavik,  lat  64°  30^.  Prom  this,  after  penetrating  ten 
miles  into  the  interior,  they  reached  a  height  of  3000  feet.  In  lat 
64°  50^,  at  40  miles  from  the  coast,  they  were  at  a  height  of  about 
7000  feet  on  the  27th  of  August.  By  the  beginning  of  September 
they  got  to  a  fiat  extensive  plateau,  whose  height  was  8000  or  9000 
feet,  and  which  seemed  to  rise  considerably  higher  to  the  north. 
Over  this  plateau  they  travelled  for  more  than  two  weeks,  reaching 
the  west  coast  in  lat  64°  12'  on  the  26th  September.  The  breadth 
6f  Greenland  where  Nansen  crossed  it  in  lat  64^°  does  not  seem 
to  exceed  340  English  miles,  which  would  make  the  central  point 
170  miles  from  the  coast,  and  taking  the  altitude  at  the  centre  to  be 
8500  feet,  this  would  give  an  average  slope  of  jast  50  feet  per 
mile.  Nansen's  results  probably  afford  the  best  approximation  we 
have  yet  got,  as  the  fact  of  his  crossing  the  whole  breadth  of  the 
land  in  an  ascertained  latitude  enables  us  to  gauge  the  extreme 
distance  he  penetrated  into  the  interior  with  some  confidence,  if 
our  maps  are  at  all  correct  Further  north  the  greatest  width  of 
Greenland  seems  to  be  about  700  miles,  which  would  make  the 
middle  point  350  from  the  coast.  A  rise  of  50  feet  per  mile  on  this 
distanoe  would  give  17,500  feet  for  the  altitude  of  the  surface  at 
the  centre. 

From  all  we  know  of  the  Greenland  ice  it  would  seem  that  the 
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gradient  of  its  sturfaoe  increases  always  towards  the  outer  edge,  and 
that  for  the  first  hundred  miles  from  the  border  we  would  not  be 
justified  in  assuming  an  average  slope  of  less  than  60  feet  per  mile, 
and  probably  70  would  be  nearer  the  truth.  Then  for  the  remainder 
of  the  distance  suppose  we  put  the  slope  as  low  as  even  12  feet  p«r 
mile,  we  still  get  the  following  result  for  a  distance  of  1000  mileSi 

100  miles  at  60  feet  per  mile      6,000  feet. 

900         „      12        „        „       10,800   „ 

1000  miles.  16,800  feet, 

which  gives  an  average  of  nearly  17  feet  per  mile  over  the  whole 
length,  and  I  see  no  reason  for  thinking  a  less  slope  at  all  probable. 
Now  the  present  culminating  point  of  Scandinavia  is  8544  feet,  and 
only  a  very  few  of  the  mountain  tops  exceed  6000  feet ;  we  have 
therefore  a  very  strong  presumption  that  the  former  height  of  that 
land  must  have  been  vastly  greater  than  it  is  now,  and  the  same 
conclusion  will  apply  to  the  centres  of  glaciation  in  Canada  and 
Scotland.  Supposing  that  in  Scandinavia  we  place  the  centre  of 
radiation  for  the  ice  not  in  the  Norwegian  hills,  but  in  the  lower 
ground  to  the  eastward,  still  it  will  not  materially  affect  the  result, 
for  although  we  thereby  shorten  the  length  of  the  glacier,  we  lower 
the  present  altitude  of  the  point  from  which  it  had  to  start  The 
probability,  therefore,  seems  to  be  very  great  that  at  the  commence- 
ment of  the  Glacial  period  the  altitude  of  Scandinavia  was  higher — 
very  much  higher — than  at  present,  and  this  conclusion  is  strongly 
supported  by  other  considerations  of  scarcely  less  weight 

1.  In  the  first  place  the  whole  sea-board  of  Norway  is  inter- 
sected by  long  deep  fjords,  which  have  all  the  appearance  of 
being  the  sunken  valleys  of  a  submerged  mountain-land  that  had 
been  deeply  cut  by  rivers  at  a  time  when  the  country  stood  at  a 
far  greater  height  above  the  sea.  Christiania  f^'ord  reaches  a  depth 
of  1380  feet,  Hardanger  2624,  and  Sogne  Ejord  no  less  than 
4080  feet  Their  sides  are  often  very  precipitous,  and  Sexe  ^  tells 
us  that  in  the  Hardanger  Fjord,  in  fine  calm  weather,  when  the 
water  is  very  transparent,  the  head  turns  quite  giddy  on  looking 
over  the  side  of  a  boat  down  these  submarine  cliffs.  Probably  few 
will  believe  that  glaciers  could  have  eroded  the  hard  crystalline  rocks 
of  Norway  to  a  depth  of  thousands  of  feet  beneath  the  sea-level,  or 
could  have  cut  them  into  such  precipitous  forms,  for  the  action  of  a 
glacier  on  its  bed  has  a  tendency  to  produce  fiowing  or  bowl-shaped 
outliQe&  Moreover,  the  heaviest  current  of  ice  seems  to  have  been 
that  which  came  down  the  Baltic,  which  is  a  shallow  sea,  the  general 
depth  being  only  40  to  60  fathoms.  The  probability,  therefore, 
seems  to  be  that  these  fjords  of  Norway,  like  the  canon  of  Colorado, 
were  cut  by  mountain-streams  in  pre-Glacial  times  when  the  land 
stood  at  a  much  greater  height,  for  how  otherwise  can  we  suppose 
them  to  have  been  excavated  ?  The  same  observation  will  apply  to 
the  sea-lochs  which  indent  the  west  coast  of  Scotland  and  also  to 
the  Qord  latitudes  of  America,  as  Dana  long  ago  pointed  out 

^  S.  A.  Sexe,  Mcsrker,  efter  en  listid  i  ome^en  af  Hardangerfjorden. 
GhristiAma,  1866. 
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2.  Again,  Dr.  Tyndall  reminds  us  that  what  we  most  want  in 
order  to  produoe  the  glaciers  of  the  Ice-time  is  improved  condensers. 
Now  there  is  no  better  condenser  that  a  lofty  mountain.  Heave  it 
high  enough  and  you  will  get  snow  at  the  Equator,  as  we  see  on  the 
Andes,  and  at  Kilima-Njaro  in  Africa.  Here  then  we  have  another 
good  argument  for  a  much  greater  height  of  the  Scandinavian 
plateau,  and  the  same  observation  will  hold  good  for  other  glaciated 
regions.  I  therefore  think  that  at  the  commencement  of  the  Ice- 
time  these  countries  had  a  far  greater  altitude  than  at  present — an 
opinion  which  I  expressed  quite  as  distinctly  thirty  years  ago.^  It 
is  difficult,  indeed,  to  see  how  otherwise  a  sufficient  permanent 
condensing  power  could  have  been  sustained  in  these  latitudes ;  for 
even  in  Greenland,  at  the  present  day,  the  line  of  perpetual  snow 
is  2000  feet  above  the  sea-level,  and  it  is  on  the  high  mountain  range 
of  the  interior  that  the  ice  is  generated.  Dr.  Croll,'  in  his  paper  on 
the  Antarctic  ice,  asserted  that  ''  the  Greenland  ice-sheet,  like  the 
Antarctic,  must  be  thickest  at  the  centre  of  dispersion  and  thinnest 
at  the  edge."  If  the  ice  lay  upon  a  perfectly  flat  horizontal  plane, 
no  doubt  it  would  require  to  be  thickest  at  the  centre,  but  if  the 
ground  supporting  it  is  10,000  or  15,000  feet  higher  at  the  centre 
than  at  the  edge,  as  seems  not  unlikely,  then  the  thickness  at  the 
centre  of  dispersion  need  not  be  so  very  great  If  Cioll  had  said 
that  the  surface  of  the  ioe-sheet  must  be  highest  at  the  centre  and 
lowest  at  the  edge,  it  would  have  been  all  very  well ;  but  the  thickness 
of  the  ice  at  the  centre  of  dispersion  must  depend  much  upon  the 
altitude  of  the  surface  on  which  the  ice  rests. 

As  the  ice  accumulated  upon  these  lofty  regions  they  appear  to 
have  gradually  undergone  a  movement  of  depression,  and  the  opinion 
seems  to  be  gaining  ground  that  this  depression  may  have  been 
caused  by  the  weight  of  ice  which  was  laid  upon  them.'  It  is  at 
any  rate  quite  dear  that  after  the  period  of  maximum  glaciation 
(Scandinavia  underwent  a  partial  submergence,  during  which  the 
great  glacier  seems  to  have  broken  up  and  disappeared  from  much 
of  the  ground  it  once  covered,  and  this  same  order  of  events  seems 
to  have  occurred  in  the  other  great  centres  of  glaciation  in  Britain 
and  North  America. 

•  Dr.  Penck's*  theory  that  the  submergence  was  caused  by  attraction 
of  the  ice  drawing  the  sea  up  on  to  the  land,  has  not  been  sustained 
by  an  appeal  to  mathematical  investigation  ;  for  Woodward  in 
America,  Drygalski,  and  Hergeeell  in  Germany,  and  Faye  in  France, 
who  have  in  elaborate  papers  discussed  the  subject  from  a  mathe- 
matical point  of  view,  seem  all  to  agree  that  the  cause  in  question 
would  be  quite  insufficient  to  account  for  the  facts,  even  on  the  most 
liberal  estimate  of  the  possible  volume  pf  ice.    Indeed,  it  would 

^  Qoart.  Jonrn.  Geol.  Soo.  vol.  xriii.  p.  180-1,  Feb.  1862. 

'  Quart.  Journ.  of  Science,  Jan.  1879. 

'  6.  de  Geer,  Om  Skandinaviens  NiT&f5iandringar  under  Qnartarperioden.  Stock- 
holm, 1890.  Warren  Uphani,  Beview  of  the  Quaternary  Era,  Amer.  Journ.  of 
Science,  Jan.  1891. 

*  Schwankuneen  dee  MeereBspieirelB,  Jahrb.  der  Geoe.  Gee.  zu  Munchen, 
bd.  TiL  1882. 
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appear  that,  owing  to  the  abstraotion  of  water  reqaired  to  form  the 
ioe,  the  surfiftoe  of  the  sea  would  on  the  whole  be  lowered,  and  this 
effect  would  surpass  the  other,  however  great  the  thickness  of  ioe, 
80  that  the  combined  effeot  of  the  European  and  North  American 
glaoiations,  if  simultaneous,  would  be  to  cause  a  general  sinking  of 
the  sea-level  during  the  period  of  maximum  ice.  The  general 
result,  however,  would  depend  much  upon  the  relative  extent  of  the 
Arctic  and  Antarctic  glaciers  at  the  time,  a  subject  regarding  which 
we  know  little  or  nothing.  Penck  seems  to  have  been  under  the 
impression  that  the  attraction  would  have  caused  the  sea  to  rise 
towards  the  border  of  the  ice  in  a  comparatively  rapid  swell,  bat 
such  would  not  have  been  the  case.  Any  rise  in  the  level  of  Uie 
sea  induced  by  such  a  cause  would  be  nearly  parallel  to  the  present 
surface,  and  would  extend  much  further  horizontally  outwards  than 
Penck  seems  to  have  contemplated,  while  its  vertical  extent  would 
be  far  less  than  he  supposed. 

If  at  the  commencement  of  the  Olaoial  period,  Scandinavia  (or 
at  least  a  large  part  of  it)  stood  several  thousand  feet  higher  than 
it  does  now,  then  it  follows  that  the  subsequent  depression  must 
have  been  very  considerable  indeed,  and  the  subsidence  of  such 
a  large  area  to  the  extent  required  would  no  doubt  ocoasion  much 
squeezing,  disturbance,  and  probably  some  upheaval  in  neighbouring 
regions.  I  am  inclined  to  ^ink  that  the  ice  was  gathering  on  the 
mountains  of  Norway  at  a  much  earlier  period  &an  is  generally 
believed,  and  that  the  coming  on  of  the  glaoiation  took  place  in 
early  Pliocene  times,  or  even  sooner.  Many  of  the  disturbances 
that  have  taken  place  in  the  strata  near  the  Straits  of  Dover  and 
elsewhere  may  have  been  occasioned  by  strains  induced  by  the  load 
of  ice,  and  the  bursting  out  of  volcanoes  in  Oermany,  Auvergne, 
and  other  places  may  have  arisen  from  pressure  on  the  subterranean 
lava  due  to  the  same  cause. 


III.— Tbaksvbbbv  Yallkts  in  the  Eastebn  Oauoasus. 

Bj  Profeasor  Hjalica&  Sj5oRBir, 

Profeflsor  of  Mineralogy  and  G^logy  in  the  XTniTenity  of  TJpsala,  Sweden. 

1.  The  Sulah  gorge  bdaw  Oimri  in  Daghestan. 

AMONG  the  many  valleys  of  Daghestan  that  are  interesting  to 
the  geologist  there  are  none  more  remarkable  than  the  channel 
by  which  the  river  Sulak  passes  through  the  chain  of  Cretaceous 
and  Jurassic  mountains  which  borders  Inner  Daghestan.  Just  above 
the  entrance  of  this  defile  the  four  rivers  Eoissu  unite  in  one  stream, 
which  in  a  series  of  cataracts  tears  through  a  stupendous  chasm 
some  fifteen  miles  in  length,  cutting  the  huge  ridge  almost  at  right 
angles  to  its  axis. 

The  gorge  traverses  the  main  chalk  ridge  in  the  direction  N.  40^ 
E.,  then  changes  its  line  to  N.W.,  which  it  still  follows  at  the 
widening  of  the  valley  below  Tjirkei,  and  finally  comes  back  to  due 
N.  as  it  passes  through  the  Tertiary  hills  below  Subut.  The  mean 
height  of  the  ridge  thus  cut  asunder  is  some  2000  metres  or  more 
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than  6500  feet ;  in  the  summit  of  Salatan,  whioh  lies  about  three  miles 
from  the  gorge,  it  reaches  nearly  80()0  feet ;  the  bed  of  the  river 
Salak  at  its  entrance  belovr  Oimri  is  about  1000  feet  and  at  its  exit 
near  Tjirkei  about  600  feet  above  the  sea.  The  huge  cutting  has 
therefore  a  vertical  depth  of  from  5000  to  6000  feet,  while  its 
breadth  is  so  small  that  the  river  leaves  no  room  for  a  proper  road, 
and  scarcely  enough  for  a  narrow  horse-path,  which  is  itself  im- 
passable at  certain  seasons  of  the  year.  The  walls  of  the  defile, 
which  mainly  consist  of  a  compact  dolomitio  limestone  and  show 
the  lines  of  stratification  with  unusual  distinctness,  rise  almost  per- 
pendicularly into  the  air  and  are  altogether  unscalable.  For  this 
reason  the  valley  of  the  Sulak,  which  forms  a  hydrographic  link 
between  Inner  and  Outer  Daghestan,  is  as  a  means  of  communication 
between  the  two  divisions  of  the  province  of  no  significance  what- 
ever. The  road  between  Temir  Chan  Schura  and  Gimri  is  carried 
over  the  6000  feet  to  which  the  intervening  range  of  mountains  here 
rises  instead  of  being  taken  through  the  river  gorge.  This  circum- 
stance is  sufficiently  indicative  of  the  wildness  and  inaccessibility 
of  this  transverse  valley. 

Before  going  farther,  I  had  perhaps  better  give  a  short  sketch  of 
the  orographical  structure  and  hydrography  of  Daghestan. 


Sketob-map  of  Daghestan,  N.  GaucasuB. 

Daghestan  lies  entirely  on  the  N.  slope  of  the  main  chain  of  the 
Caucasus,  though  for  administrative  purposes  it  is  included  in  Trans- 
caucasia. A  reason  for  this  arrangement  may  be  found  in  the  fact 
that  the  province  is  bounded  on  the  N.  also  by  a  continuous  range 
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of  monntains,  the  peaks  of  whick  rise  to  a  height  of  8000  or  9000 
feet.  The  main  chain  of  the  Oaucasus,  where  it  forms  the  southern 
boundary  of  Daghestan,  runs  in  a  straight  line  W.  28^  S.,  while  the 
northern  ridge  I  have  just  spoken  of  forms  a  regular  curve,  branch- 
ing off  from  the  other  at  Barbalo-Dagh  and  joining  it  again  at  Dulty- 
Dagh.     (See  Sketch-Map,  p.  393.) 

The  traot  of  country  included  between  these  two  ridges  is  Inner 
Daghestan.  Outer  Dc^hestan  is  the  traot  which  lies  on  the  outer 
slope  of  the  more  northerly  of  the  two  ridges,  and  which  therefore 
looks  towards  the  Terak  Steppe  on  the  N.  and  the  Caspian  Sea  on 
the  N.E.  Inner  Daghestan  may  also  be  described  as  the  basin  of 
the  four  risers  Eoissu.  Surrounded  as  it  is  on  every  side  by  lofty 
mountains,  this  region  would  be  altogether  without  an  outlet  for  its 
waters,  had  not  the  combined  streaobs  of  Eoissu,  which  after  their 
junction  bear  the  name  of  Sulak,  found  a  way  to  the  Caspian  Sea' 
through  the  defile  which  we  are  now  considering.  This  narrow 
gorge  is  the  only  channel  for  the  drainage  of  an  area  of  nearly 
50CHO  square  miles. 

The  physiographical  character  of  these  two  regions.  Inner  and 
Outer  Daghestan,  is  very  different  Outer  Daghestan  consists  almost 
entirely  of  Tertiary  formations,  Palsdogene  (probably  Eocene)  day- 
slates  and  sandstones,  Sarmatian  limestones,  eta  It  is  only  in  the 
crests  of  the  anticlinal  folds  that  the  Cretaceous  rocks  here  and  there 
appear.  The  strata  of  this  region  lie  in  gentle  gradients  as  a  rule, 
and  there  are  no  dips  exceeding  45^.  Qlie  slope  towards  the  Terek 
Steppe  and  the  Caspian  Sea  consists  of  terraoe-like  plateaux  or 
undulating  highlands  of  a  mean  height  of  some  1300  feet,  only  the 
branches  and  outgrowths  of  the  mountain-chain  behind  reaching  a 
greater  elevation. 

The  character  of  Inner  Daghestan  is  altogether  different.  Here, 
as  Abich  pointed  out  years  ago,  Tertiary  formations  are  entirely 
wanting.  The  fundamental  rock  is  exclusively  Cretaceous  or  Jurassic 
with  the  exception  of  certain  of  the  earliest  Caucasian  schists,  the 
age  of  which  is  as  yet  unknown. 

Inner  Daghestan  again  may  be  divided  into  two  sections,  as  I 
have  already  suggested  in  my  paper  "Uebersicht  der  Oeologie 
Daghestans  und  des  Terek-Gkbietes."  ^  The  lower  section  consists 
mainly  of  limestones  and  dolomites  belonging  to  the  youngest 
Jurassic  and  oldest  Cretaceous  periods,  t.e.  MsJm  and  Neooomian. 
These  formations  form  extensive  and  high-lying  basin-like  plateaux, 
which  often  end  in  precipitous,  almost  perpendicular,  clifb.  It  is 
only  in  the  deep  and  narrow  river-gorges  that  the  schists  of  the 
middle  Jurassic  period  come  into  view.  Among  these  plateaux  are 
that  of  Eeher,  lying  between  the  Eara-Eoissu  and  the  Eumuch- 
Eoissu,  and  reaching  its  highest  point  in  Turtji-Dagh  (7950  feet) ; 
that  of  Gunib  between  the  Eara-Eoissu  and  the  Avarian  Eoissu,  the 
highest  point  of  which  reaches  some  7770  feet ;  and  that  of  Eunsaoh 
between  the  Avarian  and  the  Andian  Eoissus,  of  which  the  Talokol 
range  (8980  feet)  may  be  looked  upon  as  the  southern  edge.  The 
1  Jahrbuch  der  k.  k.  geolog.  Beichsftiutalt,"  vol.  39,  p.  417  (1889). 
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Bonthern  faces  of  these  hage  plateaaz,  all  of  which  look  towards 
the  main  Caucasian  chain,  lie  almost  in  a  straight  line  with  a 
W.  25°  N.  direction,  a  line  which  marks  the  boundary,  so  important 
in  physiographical  respects,  between  the  npper  and  lower  sections 
of  Inner  Daghestan.  While  the  average  height  of  these  plateaux  is 
about  6250  feet,  the  average  height  of  the  river  beds  which  ttaverae 
them  is  not  more  than  some  2000  feet.  To  this  great  difiereaoe 
of  elevation  is  doe  the  gxaat  diffinvnee  beiwiwn  the  climate  and 
products  of  the  deep  valleys  and  those  of  the  high  plateaux  in  this 
r^ion. 

The  physiographical  nature  of  the  upper  section  of  Inner 
Daghestan  shows  a  striking  contrast  to  this.  Here  there  are  no 
solid  strata  of  limestone  and  dolomite,  but  only  loose  schists  with 
subordinate  beds  of  sandstone  belonging  to  the  Lias  formation  or  the 
fundamental  Oaucasian  schists.  The  high-lying  plateaux,  with  their 
precipitous  oli£&,  are  no  longer  to  be  seen;  the  river-valleys  are 
broader  and  more  practicable ;  the  mountains  slope  less  abruptly, 
and  their  sides  are  modelled  more  softly  by  the  ramifications  of  the 
lines  of  erosion. 

We  will  now  proceed  to  examine  the  structure  of  the  chain  of 
mountains  which  encloses  Inner  Daghestan  to  the  N.  and  N.E.,  and 
give  our  special  attention  to  that  section  through  which  the  Sulak 
has  found  a  passage. 

On  the  whole  the  structure  of  the  dividing  ridge  is  very  simple, 
and  for  the  greater  part  of  its  length  it  may  be  considered  as  an 
oblique  anticlinal  fold  or  a  system  of  several  such  folds.  This  at 
least  is  its  nature  for  a  length  of  some  70  miles,  from  Bozrach  in 
the  W.  to  Suluch-Dagh  in  the  E.  Throughout  this  stretch  the  ridge, 
which  consists  entirely  of  Cretaceous  rocks,  forms  a  boundary  as 
well  as  a  watershed  between  Inner  and  Outer  Daghestan,  and  has 
a  mean  elevation  of  nearly  6000  feet.  The  steeper  side  of  the  fold 
lies  throughout  inside,  i,e.  it  faces  S.  and  S.W.,  while  the  strata  of 
the  outer  slopes  show  a  gentler  angle.  A  marked  feature  of  this 
particular  section  of  the  whole  ridge  is  that  the  compression  of  the 
fold  has  been  more  violent  than  in  the  adjacent  sections,  where  there 
has  been  less  disturbance  of  the  stratification. 

I  may  here  repeat  a  passage  from  another  paper  of  mine  which 
refers  to  the  same  region.^  **  1  have  already  shown,  when  treating 
of  the  Cretaceous  region  of  Daghestan,  that  the  boundary  between 
the  Outer  and  Inner  divisions  of  the  province  is  formed  by  a  huge 
ridge  which  belongs  chiefly  to  the  Senonian,  though  towards  the 
west  the  Neocomian  also  comes  in.  This  watershed  throughout  a  ' 
great  part  of  its  length  consists  of  an  oblique  fold.  On  the  outer 
slope  the  strata  fall  gently  in  angles  of  from  10°  to  20°,  on  the 
inner  slope  steeply,  reaching  from  60°  to  90°." 

On  the  eastern  slope  of  Salatau,  immediately  above  the  transverse 
valley  of  the  Sulak,  the  mountain  is  seen  to  be  composed  of  three 
of  these  oblique  folds,  lying  one  above  the  other. 

1  « ITebersicht  der  G^logie  Daebestazu  nnd  des  Terek-Gebietes."  Jahrb.  d.  k.  k. 
geol.  BeiohsanBt.  vol.  89,  p.  434  (1889). 
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From  the  above  short  sketch  of  the  main  orographioal  features  of 
Daghestan,  we  will  proceed  to  trace  the  coarse  of  the  four  riven 
Eoissu,  a  survey  of  which  will  help  to  give  the  reader  a  clear 
notion  of  the  conditions  under  which  the  transverse  valley  we  are 
now  considering  was  formed. 

The  most  westerly,  and  at  the  same  time  the  largest,  of  these  four 
streams,  the  Andian  Koissu,  passes  first  through  the  deep  valleys  in 
the  fundamental  schists  which  divide  the  Katju  range  of  mountains 
from  the  main  chain,  and  so  far  its  course  is  entirely  longitudinaL 
The  channel  then  bends  to  the  N.E.,  and  soon  assumes  a  transversal 
character,  the  valley  traversing  a  plicated  region  of  fundamental 
schists  and  Lias,  and  at  Eonada  passing  into  a  tract  of  folded  Jurassic 
and  Cretaceous  rocks.  In  its  lower  section  the  channel  is  alternately 
longitudinal  and  transversal ;  in  some  places  it  cuts  obliquely 
through  huge  folds  of  Jurassic  and  Cretaceous  strata  (Malm  to 
Senonian),  while  at  others  it  runs  parallel  with  them. 

The  two  middle  streams  of  the  four,  the  Avarian  Koissu  and  the 
Eara-Eoissu,  have  both  eminently  transversal  courses,  as  is  shown 
indeed  by  their  general  N.N.E.  direction,  which  is  at  right  angles 
to  the  prevailing  strike-line  of  the  stratification.  In  their  upper 
and  intermediate  sections  these  rivers  flow  over  the  fundamental 
schists  and  form  wide  open  valleys  thickly  set  with  hamlets.  But 
as  soon  as  they  enter  the  Jurassic  and  Cretaceous  formations  these 
valleys  become  so  constricted  that  they  are  scarcely  habitable.  This 
is  especially  the  case  with  the  Elara-Eoissu,  the  lower  portion  of 
which,  from  Ounib,  which  is  the  centre  of  the  government  of  the 
district,  forms  a  barren  gorge  cut  in  the  plateaux  of  Malm-dolomite 
and  Neocomian  limestone.  Its  only  inhabited  points  are  the  military 
stations  at  the  bridges  of  Gunib  and  Salti.  After  this  there  is  no 
change  of  direction,  as  the  river  continues  to  cut  at  right  angles 
through  the  huge  Malm  and  Neocomian  formations,  its  channel 
separating  the  plateaux  of  Gunib  and  Salti,  which  would  otherwise 
form  an  unbroken  whole,  and  the  mountains  of  Sochtala  from  those 
of  Eoppa. 

Much  the  same  state  of  things  is  to  be  seen  in  the  course  of  the 
Avarian  Eoissu,  though  its  valley  is  not  so  narrow  and  impracticable 
as  that  of  its  fellow  river.  It  enters  the  flat  Cretaceous  and  Jnraaaio 
folds  at  a  small  angle,  and  then  below  Eara-Dagh  traverses  them 
perpendicularly. 

The  most  easterly  of  the  four  branches,  the  Eumuch-Eoissu,  in 
its  upper  course  from  Chosrek  to  Kasi-Eumuch,  the  centre  of  the 
local  government,  has  a  N.  26^  W.  direction,  which  corresponds  with 
the  general  strike  of  the  schists  and  sandstones  over  which  it  passes. 
On  both  sides  of  the  valley  the  strata  fall  to  the  E.S.E.,  the  character 
thus  being  that  of  an  isoclinal  valley.  Lower  down,  near  Eumuch, 
where  the  river-channel  enters  the  Jurassic  and  Cretaceous  strata,  it 
partly  cuts  through  the  huge  folds  at  a  sharp  angle  and  partly  runs 
parallel  with  them. 

If  we  now  shortly  summarize  what  I  have  just  said,  we  shall 
see  that  the  four  rivers  Eoissu  have  on  the  whole  a  course  which 
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traTeTses  the  preTailing  strike  of  the  Btratifioatton,  and  in  their 
upper  valleys  flow  over  soft  and  unresisting  schists  of  Lias  and 
earlier  formations.  They  then  enter  a  region  of  folded  Jarassio 
and  Cretaceous  strata,  where  they  cut  through  a  plateau  of  synclinal 
oharacter,  the  mean  height  of  whidi  is  6250  feet,  while  the  river 
beds  reach  no  more  than  some  2000  feet  Still  further  down,  helow 
Gimri,  the  four  streams  unite  at  a  height  of  about  1100  feet,  and 
then,  as  the  Sulak,  pass  through  a  range  of  mountains  which  reach 
more  than  6500  feet  in  mean  elevation. 

For  these  phenomena  I  can  find  no  explanation  so  well  supported 
hj  the  data  at  hand  as  the  hypothesis  that  the  bed  of  the  Koissu 
rivers  and  the  Sulak  originally  lay  at  so  high  a  level  that  the  water 
flowed  over  the  great  range  of  mountains  without  cutting  it,  and 
that  the  transverse  valley  which  now  exists  was  subsequently  eroded 
to  its  present  depth,  its  erosion  keeping  pace  with  the  general 
denudation  of  the  valleys  which  lay  behind.  I  came  to  this  con- 
olnsion  when  I  was  travelling  in  Daghestan  in  1888,  though  I  had 
then  given  no  special  attention  to  the  general  question  of  transverse 
valleys.  After  my  return  I  was  induced  to  study  the  subject  more 
dosely,  and  I  then  discovered  that  the  same  or  similar  hypotheses 
bad  been  advanced  long  before. 

If  we  apply  this  theory  to  the  special  case  which  we  are  con- 
sidering, we  shall  soon  see  how  these  rivers  in  their  upper  channels, 
where  they  flow  over  soft  and  easily  destructible  beds  of  schist, 
have  managed  to  hollow  out  the  wide  open  valleys  which  there 
occur,  while  in  the  solid  and  compact  limestones  and  dolomites  of 
the  lower  part  of  Inner  Daghestan,  they  have  only  been  able  to 
produce  deep  narrow  cuttings  with  precipitous  walls.  Oeneral 
denudation  has  reduced  the  level  of  the  upper  schist  region,  till 
its  elevation  has  become  less  than  that  of  the  limestone  and  dolomite 
plateaux  and  that  of  the  great  mountain  ridge,  all  of  which  once 
lay  below  it.  The  same  explanation  which  serves  for  the  Sulak 
gorge  below  Gimri  will  apply  to  the  narrow  defiles  at  Ounib  and 
Salti  in  the  lower  course  of  the  Eara-Eoissu,  and  they  ma.y  also 
be  regarded  as  true  transverse  valleys. 

But  the  whole  of  the  valley  system  will  be  still  clearer  to  us  if  we 
consider  its  original  history  and  gradual  development.       / 

It  was  probably  at  the  beginning  of  the  Tertiary  period/ that  Inner 
Daghestan  rose  above  the  sea  and  became  dry  land.  I  Iftave  already 
drawn  attention  to  the  important  fact  that  there  are,' no  Tertiary 
formations  in  Inner  Daghestan,  for  which  reason  we  /inust  suppose 
that  this  region  already  lay  above  the  sea,  whereas  Opter  Daghestan 
consists  mainly  of  formations  of  this  period.  On  ^he  other  hand 
we  find  in  the  lower  part  of  Inner  Daghestan  amofng  the  Jurassio 
folds  remains  of  Oault  and  Aptian  (Middle  and  Lower  Greensanda) 
which  show  that  the  sea  of  the  Cretaceous  period  toovered  at  least 
a  part  of  this  region.  This  is  also  proved  by  the  enormous  Senonian 
deposits  which  form  the  dividing  ridge  between  Outer  and  Inner 
Daghestan  and  show  a  thickness  of  more  than  3000  feet.  At  the 
beginning  of  the  Tertiary  period,  however,  it  w^  probably  this 


Digitized  by  VjOOQIC 


398  Prqf.  E.  %dgren— Valleys  of  the  Caucasus. 

ridge  that  formed  the  limit  of  the  land,  and  its  outer  slopes,  whidi 
look  to  the  N.  and  N.E.,  would  in  that  ease  have  been  washed  bj 
the  Tertiary  sea. 

As  soon  as  Inner  Daghestan  rose  above  the  sea  the  work  of  erooon 
must  have  begun.  At  that  time  there  would  have  been  no  river 
valleys  or  lines  of  erosion  in  the  comparatively  smooth  surface  of 
the  oountry,  and  the  drainage  would  have  followed  the  geDerd 
slope  to  the  N.  and  N.E.  To  this  period  we  must  assign  the  origin 
of  the  valley-system  which  the  Eoissu  rivers  now  follow,  and  it  is 
easy  to  see  how,  on  the  then  smooth  and  featureless  surface,  the 
channels  could  show  such  independence  of  the  geological  structoie  of 
the  subjacent  rocks  as  we  have  seen  is  actually  the  case. 

During  the  long  geological  periods  that  have  since  elapsedi  thii 
region  has  been  exposed  to  many  and  great  changes.  Subteiranesn 
forces  have  raised  the  whole  mountain  system  of  the  Caucasus; 
the  forces  of  denudation  have  at  the  same  time  from  prominent 
points  stripped  off  whole  masses  of  strata  and  displayed  the  older 
formations  which  lay  beneath.  Throughout  all  these  changes,  how- 
ever, the  Eoissu  rivers  have  retained  their  original  course,  owing  to 
the  fact  that  the  erosion  of  their  channels  has  kept  pace  with  open- 
tions  which  have  threatened  to  divert  them.  Just  as  general 
denudation  has  lowered  the  level  of  the  country  which  formed  their 
upper  basin,  so  and  in  a  corresponding  degree  has  erosion  deepened 
the  narrow  defile  in  which  they  pass  through  the  barriers  of  Jurassic 
and  Cretaceous  folds,  and  has  produced  the  present  state  of  things 
which  at  first  sight  strikes  us  as  so  abnormal. 

This  explanation  is  the  same  that  Penck,  in  his  review  of  theories 
to  account  for  transverse  valleys,  has  characterized  by  the  term 
"  Geologisohe  Gefallsthiiler,"  ^  or  valleys  which  are  due  to  intense 
denudation  in  their  upper  sections.  The  first  to  apply  the  explana- 
tion was  Giimbel,  in  the  special  case  of  AltmiiU  in  Bavaria.  At 
^ut  the  same  time  and  quite  independently  similar  hypotheses  were 
Qoed  by  Jukes  and  other  English  geologists  to  explain  similsr 
phe^eunena  in  England  and  Ireland. 

The^  transverse  valleys  have  the  important  and  characteristio 
feature  tfaat  their  rivers  pass  from  the  older  formations  which  lie  at 
their  sounses  on  to  strata  of  newer  and  newer  date.  The  later  strata 
upon  whi^  such  a  river  enters  in  the  lower  portion  of  its  course 
were  no  ddjiibt  once  present  in  the  region  about  its  souroe.  This 
region  lay,  when  the  river  began  to  run,  higher  than  those  tracts 
through  which  it  now  passes  further  down,  but  now,  owing  to 
excessive  denudation  of  the  upper  basin,  the  conditions  are  just  the 
opposite. 

2.  The  Oerdiman-tschaj  gorge  below  Lagttaeh, 

A  precisely  similar  origin  must  be  assigned  to  the  fine  transverse 
valleys  in  which  the  Gerdiman-tschaj,  after  flowing  through  the 
cauldron-like  valley  of  Lagitsch  on  the  southern  side  of  the  main 

^  «  Die  bildung  der  Dnrclibnichthaler,"  Schriften  des  Yereines  enr  Yerbreitimg 
natOTwiMexiBobRftlicher  Kenntniese  in  Wien,  yoI.  28,  p.  433  (1888). 
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Oauoadan  chain,  passes  the  Lagitsoh  range,  which  on  the  eastern 
side  of  the  gorge  has  the  name  of  Nial-Dagh,  on  the  western  that 
of  Elgja-Duk.  In  point  of  Tolome  the  Gerdiman-tschaj  river  is 
insignificant  compared  with  the  Salak,  bat  the  natural  catting  made 
by  it  to  the  south  of  Lagitsch  is  little  inferior  in  grandeur  to  that 
through  which  the  larger  river  passes  near  OimrL 

In  order  to  make  dear  the  topography  and  geological  structure 
of  the  Lagitsch  valley  and  the  surrounding  mountains,  I  reproduce 
the  following  from  an  earlier  paper  of  mine :  "  Bericht  iiber  eiuen 
Ausflug  in  den  siidostliohen  Theil  des  Kaukasus  in  Oktober  und 
November,  1889." » 

The  Lagitsch  valley-system  consists  of  two  separate  branches,  of 
which  the  larger  and  more  easterly  is  the  channel  of  the  main 
river  G^rdiman-tschaj,  while  the  smaller,  which  lies  to  the  west, 
carries  a  tributary  stream.  The  two  are  separated  by  a  mountain 
ridge  running  N.  and  S.  and  reaching  a  mean  elevation  of  some 
6000  feet.  The  minor  valley  forms  an  almost  circular  cauldron 
about  six  miles  across,  at  the  bottom  of  which  lie  the  villages  of 
Dachar  and  Wascha.  The  main  valley  on  the  other  hand  is  long 
and  narrow,  and  may  be  divided  into  two  sections,  of  which  the 
upper,  running  from  N.W.  to  S.E.,  begins  on  the  slope  of  Baba- 
Dagh,  while  the  lower,  which  runs  neariy  N.  and  S.,  may  be  said  to 
end  with  the  beginning  of  the  Gtordiman-tschaj  defile.  Both  valleys 
are  separated  by  high  ridges  of  about  7200  feet  from  the  Pyrsagat 
valley-system  on  the  E.,  and  from  that  of  Gok-tschaj  on  the  W. 
On  the  N.  the  Lagitsch  valleys  are  bounded  by  the  main  range  of 
the  Caucasus,  which  just  here  rises  with  excessive  abruptness,  and 
reaches  its  highest  point  in  Baba-Dagh,  a  peak  of  11,940  feet 

The  only  opening  in  the  mountains  enclosing  the  Lagitsch  valleys 
lies  to  the  S.  Here,  through  the  transverse  cutting  with  which  we 
are  now  concerned,  the  Oerdiman-tschaj  passes  a  mass  of  mountain 
composed  of  basalts,  tuffs,  and  limestones  raised  to  an  almost  vertical 
position.  Owing  to  the  comparative  impracticability  of  the  gorge, 
where  the  encroachments  of  high- water  prevent  the  construction 
of  a  good  road,  it  is  only  at  intervals  that  a  regular  communication 
between  the  country  above  and  below  can  be  kept  up.  The  most 
convenient  link  of  connexion  is  the  road  which  goes  to  the  E.  over 
the  pass  of  Machtokjan-gjadu  (7090  feet)  to  the  Pyrsagat  valley. 

At  the  entrance  of  the  gorge,  a  mile  or  so  below  the  village  of 
Lagitsoh,  the  bed  of  the  Gerdiman-tschaj  has  an  elevation  of  about 
3430  feet  As  the  ranges  of  Nial-Dagh  and  Elgja-Duk,  which  lie 
on  either  side,  reach  heights  of  6900  feet  and  7600  feet  respectively, 
it  follows  that  this  transverse  valley  has  a  vertical  depth  of  more 
than  3800  feet 

In  respect  to  their  geological  stmoture  the  Lagitsch  valleys  con- 
sist of  a  huge  stratified  series  of  clay-slates,  which  are  to  a  great 
extent  ferruginous,  and  thinly  laminated  limestones,  which  are 
impure,  compact  and  often  half  crystalline.  As  there  are  no  fossils 
in  these  beds, — I  have  only  found  in  some  of  the  clay-slates  doubtful 

1  Mittheilangen  d.  k.  k.  g^ographiBchen  Geaellschaft  in  Wien,  1890,  p.  163. 
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fuooid  impresBions — the  geological  position  of  the  whole  oomplex 
can  only  be  determined  indirectly.  The  petrographio  featnres  remind 
one  strongly  of  the  Eocene  formations  in  the  Eastern  Caucasus,  and 
the  superposition  upon  limestone  in  the  case  of  Nial-Dagh  is 
analogous  to  the  superposition  on  Senonian  white  chalk  in  the  other 
instance.  Moreover,  the  occurrence  of  strongly  ferruginous  clay* 
slates  both  to  the  N.  and  S.  of  the  eastern  Caucasus  is  especially 
characteristic  of  the  Eocene  period.  At  the  northernmost  end  of 
the  two  valleys,  on  the  side  of  Baba-Dagh  itself,  there  are  thinly 
laminated  limestones  raised  at  considerable  angles. 

We  will  now  turn  to  the  structure  of  the  ridge  of  mountains  which 
the  channel  of  the  Qerdiman-tsohaj  enters  as  it  leaves  the  Lagitsch 
▼alley.  This  ridge  I  have  myself  crossed  on  the  way  from  Mudschi, 
a  village  on  the  S.E.  side,  over  to  Lagitsch,  as  well  as  by  the  route 
through  the  Gkrdiman-tschaj  gorge,  in  which  the  stratification  is 
very  finely  displayed.  Begaided  as  a  whole,  the  Nial-Dagh  ridge 
consists  of  a  colossal  fold  leaning  over  towards  the  S.  and  is  mainly 
composed  of  limestones  and  stratified  eruptive  tuffs.  If  we  look 
to  the  details  we  see  that  massive  eruptive  rooks,  with  the  character 
of  basalt  and  andesite,  also  enter  into  the  composition  of  the  ridge. 

It  must  still  be  left  an  open  question  whether  these  eruptives 
occur  as  dykes  in  the  stratification  or  formed  beds  originally. 

As  one  ascends  the  slopes  of  Nial-Dagh  from  Mudschi,  one  passes 
across  a  series  of  zones,  which  in  petrographioal  respects  differ 
from  each  other  distinctly.  The  series  is  as  follows,  beginning  from 
below : — 

1.  Gompaet  mj  thin-bedded  limeitoneB,  togetiier  with  light  grey  orystalline 

thick-beaded  limestonee,  both  of  these  alternating  with  Boft  ftratified  tofis, 
which  are  often  nrnch  weathered. 

2.  EruptiTes  Yamng  from  dark  grey  to  a  greyiah-green  together  with  the  aocom* 

panying  tufis,  the  first  forming  compact  rooks  of  andesitic  and  basaltic 
character,  which  often  split  spheroidally,  the  latter  being  foliated  or  thinly 
bedded. 

3.  Dark  grey  shaly  tnfis  together  with  conglomerates  and  pudding-stones ;  the 

pebbles  of  eruptive  material  or  limestone ;  the  matrix  calcareoas  or  tuff -like. 

4.  Light  grey  crystalline  limestones  in  thick  beds,  with  greyish  green  shaly  and 

much  weathered  tnfis. 
0.  Dark  clay-slates,  sometimes  with  green  calcareous  layers  intenrening ;  in  some 
of  the  conglomerate  beds  green  grains  are  abundantiy  distributed  and  probably 
come  from  disintegTated  eruptive  material. 

6.  Light  grey  limestones  and  greyish  green  tuils,  as  in  4. 

7.  Thinly-laminated  clay-slates,  sometimes  strongly  ferruginous,  in  thin,  reddish 

brown,  sandstone-like  beds,  and  with  numerous  veins  of  calc-spar. 

The  whole  of  this  complex  of  strata  reaches  a  thickness  of  some 
8260  feet.  In  1  the  dip  was  66^-70°  N.N.B.,  and  the  strike 
N.  60°  W.;  in  4  the  dip  was  62°-66°  N.E.,  while  the  strike  lay 
N.  45°  E.    At  the  pass  (6600  feet)  the  strata  of  7  stood  vertically. 

I  will  now  shortly  state  the  observations  I  made  during  the 
passage  of  the  Gerdiman-tschaj  gorge.  The  direction  is  N.£.  to 
S.W.,  the  length  about  five  miles,  and  to  the  8.W.  the  defile 
increases  in  width,  while  the  mountains  decrease  in  height. 

At  the  entrance  of  the  gorge,  a  little  S.  of  Lagitsch,  come  first 
the  same  clay-slates  which  occupy  the  greater  part  of  the  Lagitsch 
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valley ;  here  the  strata  dip  sharply  towards  the  ST.  Then  come  two 
thick  systems  of  strata,  standing  almost  Tertically,  and  consisting 
of  light  half-crystalline  limestones,  which  correspond  to  the  two 
sections  4  and  6  in  the  ahove  Nial-Dagh  profile,  and  are  separated 
by  a  series  of  clay-slates  (section  5  in  the  preceding  profile).  One 
then  passes  some  dark,  shaly,  and  often  tu£f-]ike  strata,  corresponding 
to  section  3,  and  enters  a  zone  of  massive  basalts  and  andesites, 
answering  to  section  2  in  Nial-Dagh.  So  far  there  is  complete 
correspondence  with  the  Nial-Dagh  profile,  though  there  the 
eruptives  appear  only  once,  while  in  the  S.  portion  of  the  river 
gorg^  they  form  three  several  divisions  of  the  profile.  Between  the 
first  and  second  masses  of  basalt,  reckoned  from  the  N.,  is  a  narrow, 
closely  compressed  fold  of  limestone,  which  has  both  its  limbs 
dipping  isoclinally  to  the  N.,  and  is  encased  in  a  mantle  of  slate, 
llbe  second  and  third  masses  of  basalt  are  separated  by  thick  * 
compound  folds  of  slate,  which  have  a  general  dip  to  the  N. 

If  we  now  summarise  the  facts  that  I  have  adduced  as  to  the 
geological  structure  of  the  various  parts  of  the  Gerdiman-tschc^ 
valley,  we  see  that  the  upper  basin  of  the  river  on  the  S.  slope  of 
Baba-Dagh  consists  of  hard  and  compact  locks,  but  that  shortly 
afterwards  the  channel  passes  into  the  looser-slate  of  the  Lagitsch 
region,  where  an  open  cauldron-like  valley  has  been  formed  by 
erosion.  On  entering  the  hard  limestones  and  eruptive  rooks  of 
the  mountain  ridge  now  barring  its  way,  the  river  has  had  its 
channel  again  constricted  to  a  narrow  cleft,  as  erosion  has  here 
been  unable  to  do  more  than  maintain  a  narrow  furrow,  at  a  level 
which  has  kept  pace  with  the  continual  sinking  of  its  upper  basin 
by  ordinary  denudation. 

Our  consideration  of  this  valley  will  thus  lead  us  to  the  same 
conclusion  that  we  arrived  at  in  the  case  of  the  Sulak.  Originally 
the  river  bed  lay  at  a  much  higher  level  and  passed  over  the  ridge 
of  Nial-Dagh  instead  of  cutting  through  it  Subsequently  the  wide 
Lagitsch  valley  has  been  hollowed  out  by  the  denudation  of  the 
loose,  soft  slates  in  which  it  lies.  With  this  denudation  and  con- 
sequent sinking  of  level  the  river-erosion  which  went  on  below,  on 
the  Nial-Dagh  section,  has  been  able  to  keep  pace,  and  the  stream, 
working,  so  to  say,  after  the  manner  of  a  saw,  has  cut  a  deep  groove 
through  the  mountain  ridge  of  hard  and  compact  rocks. 

It  is  well  worthy  of  notice  that  the  river  has  chosen  a  point  in  the 
ridge  where  for  the  sake  of  a  channel  it  had  to  cut  through  three 
huge  columns  of  basalt  and  where  the  work  of  erosion  must  have 
been  considerably  more  difficult  than  farther  east  This  fact  is  in 
fiill  agreement  with  the  circumstance  that  transverse  valleys  of  this 
kind,  as  is  shown  by  observations  elsewhere,  often  cut  their  way 
through  some  mass  or  column  of  hard  rock  which  could  easily  have 
been  circumvented.  This  should  be  a  proof  that  such  channels 
have  originally  passed  at  a  far  higher  level,  when  the  obstacle  in 
question  was  absent,  and  that  they  have  since  contrived  in  spite  of 
it  to  pursue  the  course  they  had  once  adopted. 

The  Gerdiman-tschaj  shows  us  well  that  the  rule  of  permanence  of 
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cbannel  holds  good,  not  only  in  the  case  of  large  and  deep  rivers, 
but  also  in  the  oase  of  so  oomparatively  insignificant  a  stream  as 
this,  which  at  certain  seasons  of  the  year  runs  almost  dry  and  has 
so  trifling  a  Tolume  of  water  that  it  disappears  completely  in  the 
Eura  Steppe  without  reaching  either  river  or  lake  of  any  kind. 
And  yet  this  small  volume  of  water  has  been  able  to  execute  so 
grand  a  piece  of  erosive  work. 


lY. — On  THi  Sands  and  Oraybls  Interoalatxd  in  ths 

BOXJLDEB-CLAY. 

By  6.  W.  BuLMAK,  M.A,,  B.Sc,  Corbridge-on-Tyne. 

(Ckmehtd^dfrom  ths  August  Numbtr,  p.  348.) 

On  the  Italian  side  of  the  Alps  a  similar  set  of  lignite  beds  occurs 
as  on  the  Swiss  side.  But  these  Italian  lignites,  although  occurring 
beneath,  are  not  underlaid  by  glacial  deposits. 

Evidently,  then,  they  a£ford  even  less  evidence  of  an  interglacial 
period  than  those  on  the  Swiss  side ;  and  this  Prof.  Gkikie  himself 
seems  to  confess ;  for  he  writes  of  them : 

**  They  are  clearly  of  older  date  than  any  recognizable  morainic 
or  diluvial  deposits  in  Northern  Italy ;  and  if  it  were  simply  a 
question  of  local  geology,  one  could  have  no  good  reason  for 
doubting  their  pre-glacial  age."  ^ 

And  yet,  taking  them  along  with  the  Swiss  beds,  he  finds  in  them 
similar  witness  to  an  interglcusial  period. 

With  regard  to  the  ''  marine  sands  "  with  which  the  lignites  seem 
to  be  contemporaneous,  Prof.  G^ikie  considers  the  evidence  of  their 
fossil  shells  insufficient  to  establish  their  pre-glacial  age. 

The  number  of  extinct  species  in  the  sands  is  said  to  be  from 
15  to  20  per  cent. ;  and  if  we  compare  this  with  the  18  per  cent, 
extinct  species  of  the  Norwich  Crag,  the  inference  seems  obvious 
that  the  beds  are  pre-glaeial. 

Prof.  Geikie  points  out,  however,  that  such  comparisons  are  only 
conclusive  when  confined  to  the  same  geographical  area ;  and  when 
we  substitute  the  Italian  Pliocene  for  the  English,  a  very  different 
conclusion  is  suggested.  For  in  the  lowest  beds  of  the  former  the 
per-centage  of  extinct  shells  is  83,  and  in  the  Upper  68.  If,  then, 
these  Italian  Pliocene  are  rightly  classed,  the  li^ites  must  be  at  any 
rate  Post-Pliocene.  But  even  then,  it  is  still  possible  they  may 
have  been  formed  before  the  ice  reached  the  district  where  they 
occur.  A  local  geologist,  however,  the  Italian  Prof.  Gastaldi,  does 
not  consider  the  Italian  lignites  to  be  interglacial.  At  the  same 
time  he  believes  them  to  be  of  the  same  age  as  the  Swiss  beds.  But 
if  the  Swiss  lignites  lie  upon  glacial  beds,  and  the  Italian  below 
glacial  beds,  and  if  they  are  of  the  same  age,  it  followa  that  the 
lignites  must  be  interglacial. 

The  argument  seems  to  hinge  on  the  question  whether  the  organic 
remains  indicate  a  similar  age  for  the  lignites  on  the  two  sides  of 

1  Great  Ice  Age,  p.  627. 


Digitized  by  VjOOQIC 


O.  W.  Bulman—Olaeial  Geology.  403 


the  Alps.    Mammalian  remains  are  found  in  Swiss  lignites,  and  are 
of  distinctly  reoent  aspect :  tbey  are, — 

(1)  ABiatlo  Elephant  (EUphat  IndimU)  {E.  antiqutu?), 
UruB  (Bos  primig^niw), 

(2)  Stag  {C&rvu»  ek^thut), 

(3)  Caye  Bear  (Urtus  tpglaui). 
Rbinooerofl  sp.  (J2.  MerkiiT). 

(1)  It  is  somewhat  difficult  to  decide  how  old  a  deposit  may  be 
which  contains  this  living  species,  as  it  is  so  seldom  found  fossil. 

Writing  in  1868,  Dr.  Hugh  Falconer  states  that,  « There  is  no 
good  evidence  of  the  existing  Indian  Elephant  having  as  yet  any- 
where in  India  or  in  Europe  been  met  with  in  the  fossil  state."  ^ 

And  according  to  Woodward  and  Sherbom  (British  Fossil  Verte- 
brata)  it  has  not  been  found  fossil  in  Britain.  ^ 

(2)  This  species  is  found  in  the  ossiferous  caves  of  Wales  and 
Gibraltar,  in  the  Norfolk  Forest-bed,  in  Pleistocene,  Prehistoric,  and 
Historic  deposits.  This  leaves  a  wide  margin  for  the  age  of  the  beds 
in  which  it  occurs. 

(3)  This  occurs  in  the  Forest-bed,  in  the  Pleistocene,  and  in  the 
caves.     Again  no  evidence  as  to  age. 

On  the  whole  such  an  assemblage  might  have  occurred  at  any 
period  from  late  Pliocene  to  Postglacial  times.  And  yet  the  general 
aspect  of  such  a  fauna  suggests  a  later  period  than  one  in  which 
15  or  20  per  cent,  of  the  Mollnsca  are  extinct. 

And  finally,  even  if  the  lignites  are  interglaoial  as  to  position,  this 
does  npt,  as  we  have  seen,  necessarily  indicate  a  warm  interglacial 
climate. 

In  America,  again.  Professor  Gleikie  finds  evidence  of  warm  inter- 
glacial conditions : 

''Another  interesting  feature  in  the  American  glacial  deposits  is 
the  occurrence  of  interodated  fossiliferous  beds.'' ' 

According  to  Prof.  Newberry  the  succession  of  changes  indicated 
are  as  follows : 

1st.  A  period  of  a  great  continental  glacier  or  ice-sheet 

2nd.  The  retreat  of  the  ice,  and  the  appearance  of  a  vast  fresh- 
water lake  (covering  a  large  part  of  Ohio),  in  which  were  deposited 
the  Erie  clays,  etc. 

8rd.  The  silting-up  of  the  lake,  and  the  advent  of  a  luxuriant 
forest-gTowth. 

4th.  The  submergence  of  the  land  and  the  deposition  from  floating 
ice  of  blocks  and  boulders. 

And  the  resulting  succession  of  beds  was  as  follows  in  descending 
order : 

1.  Iceberg  drift. 

2.  Forest  bed. 

3.  Erie  clays. 

4.  Glacial  drift. 

The  "Iceberg  Drift"  above  the  Forest  Bed,  however,  does  not 
necessarily  imply  a  return  of  Arctic  conditions  after  a  mild  interval ; 
it  may  simply  represent  a  phase  in  the  gradual  retreat  of  the  ice 
when  its  southern  extent  was  still  gi*eater  than  it  is  to-day. 
^  Pal.  Mems.  vol.  ii.  p.  167.  '  Great  Ice  Age,  p.  416. 
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It  may  have  retreated  far  enough  to  allow  of  the  depoaidon  of 
the  Erie  clay  in  Ohio  (between  lat  38^  and  42^)  near  its  extreme 
southern  limit,  the  silting  up  of  the  lake,  and  the  growth  of  forest 
upon  it 

If  the  land  then  sank,  it  need  not  be  supposed  that  the  southern 
fringe  of  the  retreating  ioe  was  too  far  off  to  allow  it  to  send  ioe- 
bergs  floating  over  the  submerged  land,  and  depositing  the  **  loe-beig 
Drift"  on  the  " Forest-bed." 

The  phenomena  of  the  American  ''inter-glacial  beds,"  in  &ct, 
seem  to  mark  the  retreat — perhaps  intermittent  and  with  prolonged 
pauses — of  the  ioe,  rather  than  the  occurrence  of  a  warm  climate 
between  two  periods  of  cold. 

And  this  is  the  opinion  to  which  Dr.  Wright  inclines  after  pro* 
longed  and  careful  study  of  the  glacial  deposits  and  actual  glaoien 
of  North  Amerioa,  although  it  is  in  opposition  to  that  expressed  by 
other  American  geologists.  In  his  "Ice  Age  in  North  America,"  he 
expresses  himself  thus : 

**  A  thorough  study  of  the  condition  and  distribution  of  the  buried 
forest  beds  bears  strongly,  as  I  cannot  but  think,  against  the  com- 
plete separation  of  glacial  epochs  in  North  America.  In  addition  to 
the  facts  about  to  be  enumerated,  it  is  a  significant  ciroumstance  that 
the  buried  vegetable  deposits  under  consideration  do  not  mark 
a  warm  climate,  but  a  climate  much  colder  than  the  present— such 
a  vegetation,  in  fact,  as  would  naturally  flourish  near  the  ioe  mai^gin. 
The  buried  forests  of  Southern  Ohio  have  a  striking  resemblance 
to  those  we  described  in  Glacier  Bay,  Alaska.  Feat  and  hardy 
coniferous  trees  are  predominant"^ 

And  again, 

'*  Usually,  as  has  been  remarked,  these  buried  deposits  of  peat  and 
wood  have  been  assumed  to  imply  the  existence  of  two  distinct 
glacial  periods.  But,  from  what  has  been  said  above,  it  would 
appear  that  the  facts  point  rather  to  shorter  periods  of  advance  and 
recession  of  the  ice-front,  analogous  to  those  which  are  now  in 
progress  in  the  Alpine  glaciers,  as  heretofore  noted."' 

At  the  same  time  Dr.  Wright  admits  difficulties  in  the  case  of 
some  of  the  more  northern  deposits  : 

''It  must  be  confessed,  however,  that  some  of  the  facts  concerning 
vegetal  deposits  still  further  north,  especially  in  the  valley  of  Lake 
Agassiz,  are  more  difficult  to  explain  upon  the  theory  of  a  single 
glacial  epoch."' 

And  finally  summing  up  the  matter  he  writes, 

"Such  are,  in  brief,  the  considerations  which  seem  to  make  it 
proper  to  hesitate  before  recognizing  the  theory  of  two  distinct 
glacial  epochs  in  America  as  an  established  doctrine  to  be  taught 
Most  of  the  facts  adduced  to  support  the  theory  of  distinct  epochs 
are  capable  of  explanation  on  the  theory  of  but  one  epoch  vrith  the 
natural  oscillations  accompanying  the  retreat  of  so  vast  an  ice-front"* 

The  intercalated  beds  on  the  Norfolk  coast  are  instructive.    They 

iJJ.  p.  482.  »Ji.  p.  490.  «ii.p.  495.  *J4.p.  500, 
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are  desoribed  by  Mr.  Clement  Reid^  as  "well-laminated  ripple- 
marked  olays  and  marls  with  seams  of  fine  false-bedded  sand, 
deposited  on  the  hammockj  surface  of  the  First  Till,"  and  are  in 
torn  overlaid  by  the  Second  Till.  They  have  not  yielded  any 
fossils  except  shell  fragments  derived  from  the  Boulder  Clay,  and 
Mr.  Beid  is  led  to  the  following  conclusions  as  to  their  origin  : 

"  The  absence  of  all  signs  of  life  appears  to  point  to  a  freshwater 
origin  for  these  beds,  and  for  the  similar  unfossiliferous  laminated 
clays  which  are  so  common  in  glacial  deposits  in  other  parts  of 
England.  Modem  glacial  lakes  show  a  similar  barren  character  " 
(p.  88). 

Finally,  Mr.  Beid  does  not  consider  that  they  a£ford  evidence  of 
an  inter-glacial  warm  climate : 

"After  the  deposition  of  the  First  Till,  the  ice  appears  to  have 
retreated,  perhaps  only  for  a  few  miles,  leaving  the  Boulder  Clay 
with  a  curious  hummocky  surface,  over  which  was  deposited  ripple- 
marked  clay  and  marl  in  thin  beds.  This  deposit  seems  to  be 
glacial  mud,  such  as  would  flow  from  beneath  the  ice,  and  be  spread 
over  the  surface  lately  abandoned.  Such  an  evenly-bedded  loam 
cannot  be  taken  as  sufiScient  evidence  of  an  inter-glacial  warm 
climate,  though  it  is  traceable  nearly  continuously  for  at  least  four 
miles ;  for  at  the  present  day  glaciers  of  the  Alps  and  the  ice  of 
Greenland  advance  and  retreat  short  distances  vrithout  any  very 
marked  cause."  * 

Nor  do  the  sands  which  come  between  the  second  Till  and  the 
Boulder  clay  or  Stony  loam  afford  any  stronger  evidence.  They  are 
described  as  "fine  false-bedded  loamy  sands,  always  chalky  and 
carboniferous,  and  of  a  peculiar  pale  tint,  easily  recognizable ; " 
and  they  rest  on  the  eroded  surface  of  the  Till.  Like  the  beds 
between  the  first  and  second  Tills  they  have  yielded  no  fossils. 

And  this  so-called  Boulder-clay  is  a  deposit  of  rather  a  curious 
character.  In  general  composition  according  to  Mr.  Reid  it  is  much 
like  the  underlying  till,  but  it  contains  bedded  m<i»»es  of  sand  of 
which  the  bedding  is  often  vertical.  It  perhaps  marks  an  advance 
of  the  ice  less  pi*onounoed  than  that  which  produced  the  second  Till, 
and  which  permitted  more  freely  the  action  of  streams. 

The  inconclusive  nature  of  the  evidence  derived  from  the  inter- 
calated sands  and  gravels  is  further  illustrated  by  a  study  of  those 
of  South  Lancashire  as  described  by  Mr.  A.  Strahan  (Q.J.G.S.  vol. 
42,  p.  862). 

According  to  Mr.  Strahan  these  sands  and  gravels  "  usually 
underlie  Boulder-day."  Yet  there  is  no  evidence  of  glacial  action 
beneath  them :  "  Lastly,  it  is  almost  invariably  under  Boulder-clay 
that  the  rock  has  been  found  to  be  striated.  Though  the  sands  and 
gravels  are  included  among  the  glacial  deposits,  the  Boulder-clays 
cdone  show  direct  evidence  of  the  action  of  ice."  On  the  Welsh 
coast,  on  the  other  hand.  Boulder-day  is  described  lying  beneath 
marine  drift: — "The  occurrence  of  a  tough  blue  basement  clay 

1  Geology  of  the  Coantrr  around  Cromer,  Mem.  GeoL  Surv. 
•Ditto,  p.  91. 
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packed  with  stones,  most  of  which  are  scratched,  tindeitieath  the 
nndoabted  marine  drift  of  the  Welsh  coasts  has  been  previonsly  noted." 

The  view  that  these  sands  and  gravels  are  interglacial  rests  on 
the  assumption,  that  the  beds  thus  lying  above  the  Boulder-day  in 
one  place  are  of  the  same  age  as  those  lying  beneath  it  in  another. 

The  mammalian  and  other  remains  found  in  the  intercalated  beds 
are  taken  by  Professor  Geikie  as  evidence  of  the  mild  climate  he 
supposes  to  have  prevailed.  Yet  similar  remains  are  noted  as 
occurring  in  the  Till  itself : 

**  In  the  mass  of  the  Till  itself  fossils  sometimes,  but  very  rarely, 
occur.  Tusks  of  the  Mammoth,  Beindeer  antlers,  and  fragments  of 
wood  have  from  time  to  time  been  discovered  in  this  position."  ^ 

And  there  are  so  many  ways  in  which  such  remains  as  are  found 
in  the  intercalated  beds  might  come  to  be  imbedded  in  them  that  a 
mild  interglacial  climate  should  not  be  assumed  without  very  strong 
evidence. 

It  seems  to  be  generally  inferred,  that  the  glacial  conditions  drove 
such  Mammalia,  and  other  temperate  forms,  out  of  the  country,  and 
that  a  mild  interval,  and  a  union  of  England  with  the  continent, 
was  required  to  allow  of  their  return. 

But  is  it  not  possible  they  may  have  lingered  in  the  southern 
un^laciated  districts,  migrating  northwards  during  the  summer, 
and  occasionally  leaving  their  remains  where  glacial  deposits  were 
being  laid  down?  And  a  succession  of  warm  summers  might 
induce  them  to  travel  to  higher  latitudes  than  usual.  And  it  is 
worthy  of  note  that  these  mammalian  remains  are  found  in  the 
lower  districts,  where  there  would  be  less  ice  and  milder  conditions, 
and  where  the  ice  was  likely  to  melt  most  completely  during  the 
summer.  Prof.  Geikie  accounts  for  their  absence  on  the  higher 
grounds  by  the  greater  intensity  of  the  glaciation  which  he  thinks 
removed  them ;  but  the  alternative  explanation  that  they  never 
existed  there  is  worthy  of  consideration.  And  a  hint  of  how 
mammalian  remains  may  come  to  be  imbedded  in  deposits  far 
beyond  the  usual  habitat  of  the  species  is  aiSbrded  by  Dr.  Meyer, 
in  his  account  of  his  recent  exploration  of  the  glaciers  of  Kilimanjaro 
in  Eastern  Equatorial  Africa : 

"  We  were  about  half  way  through  this  terrific  bit  of  work,"  he 
writes,  ''when  we  came  upon  what  was  perhaps  as  wonderful  a 
discovery  as  any  we  made  in  Kilimanjaro.  It  almost  savours  of 
the  fabulous,  but  here  in  this  stem  frost-bound  region,  at  the  very 
summit  of  a  mountain  20,000  feet  high,  we  lighted  on  the  dead 
body  of  an  Antelope — one  of  the  small  species  we  had  noticed  on 
the  pasture-lands  below.  How  the  animal  came  there  it  is  impossible 
to  say.  In  all  probability  it  had  made  its  way  upward  by  the  same 
path  as  ourselves,  at  a  time  when  the  ice  was  covered  by  its  winter 
coating  of  snow,  and  overtaken  in  these  lofty  solitudes  by  the 
fury  of  a  mountain-storm,  had  paid  with  its  life  the  penalty  of  its 
adventurous  curiosity."  ■ 

^  Great  Ice  Age,  p.  164. 

'  Across  East  Afncan  Glaciers,  by  Br.  Hans  Meyer,  pp.  183-4. 


Digitized  by  VjOOQIC 


O.  W.  Bulman—Olacial  Geology.  407 

And  Colonel  Tanner,  in  his  deBcription  of  a  Himalayan  glacier, 
shows  how  vegetation  and  ice-action  may  overlap.  The  following 
passage  ocoars  in  a  paper  read  before  the  Geographical  Society 
(see  Nature,  April  30th,  1891,  p.  622)  :— 

"  Speaking  of  the  Himalayan  glaciers.  Colonel  Tanner  stated  that 
the  most  extensive  and  picturesque  he  has  ever  seen  are  in  the  Sat 
valley,  which  drains  the  southern  face  of  the  Rakaposhi  mountain  in 
Giigit  Three  great  glaciers  come  down  into  this  valley,  and 
dispute  with  the  hardy  mountaineers  for  the  possession  of  the  scanty 
area  of  the  soil.  Here  may  be  seen  forests,  fields,  orchards,  and 
inhabited  houses  all  scattered  about  near  the  ice  heaps.  The  only 
passable  route  to  the  upper  villages  in  this  valley  crosses  the  nose 
of  the  greatest  of  the  three  glaciers,  and  threads  its  way  over  its 
frozen  surface.  This  glacier  is  cut  up  into  fantastic  needles  of  pure 
green  ice,  some  of  which  bear  on  their  summits  immense  boulders. 
About  half  a  mile  from  its  lower  end  or  nose,  Colonel  Tanner  found 
an  island  bearing  trees  and  bushes,  and  at  one  place  above  this 
a  very  considerable  tarn  of  deep  blue-green  water.  The  glacier  had 
two  moraines  parallel  to  it  and  with  each  other,  and  both  bearing 
pine  treeSb" 

Dr.  Wright  also  describes  the  close  proximity  of  glaciers  and  an 
abundant  flora  and  fauna  in  North  America  at  the  present  day  : 

**  The  mountains  on  each  side  of  Muir  Inlet  rise  immediately  from 
the  water  from  three  thousand  to  five  thousand  feet  These  we 
often  ascended,  and  were  thus  permitted  repeatedly  to  behold  one  of 
the  most  marvellous  views  anywhere  to  be  found  in  the  world. 
At  that  season  the  level  places  around  our  feet  upon  these  summits 
were  carpeted  with  soft  green  grass,  interspersed  with  large  areas  of 
flowers  in  full  bloom.  Here  were  extensive,  gorgeously-ooloured 
flower-beds,  where  bluebells,  daisies,  buttercups,  violets,  tiie  yellow 
arnica-flower,  and  the  purple  epilobium,  were  striving  for  mastery 
or  for  recognition.  On  the  northern  slopes  of  slight  elevations  great 
masses  of  snow  were  preserved  in  the  very  midst  of  these  brilliant 
flower-gardens,  and  from  their  melting,  clear  little  pools  of  water 
were  on  every  hand  inviting  us  to  drink.  The  tracks  of  the 
mountain  goat,  the  mountain  lion,  and  of  various  smaller  animals, 
and  the  songs  of  birds  witnessed  to  the  abundance  of  animal  life.  .  .  . 
In  such  a  setting  of  grandeur  and  beauty  we  gazed  upon  the  full 
face  of  the  great  glacier  itself  lying  at  our  feet.  Below  us  its 
diminishing  outlet  disappeared  in  the  waters  of  the  bay.  Distance 
made  the  rough  places  plain,  and  lent  enchantment  to  the  view. 
Down  from  the  mountains  in  every  direction  from  the  north  came 
the  frozen  torrents ; — 

Glaciers  to  the  right  of  us. 

Glaciers  to  the  lelt  of  ns, 

Glaciers  in  front  of  us. 

Volleyed  and  thundered — 

pouring  into  a  vast  amphitheatre,  and  then  uniting  their  volumes, 
preparatory  to  their  exit  through  the  entrance  into  Muir  Inlet"  ^ 

»  Ditto,  pp.  87-39. 
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The  same  writer  farther  describes  some  of  the  islands  in  Glacier 
Bay — at  the  head  of  which  is  Muir  Inlet — ^as  covered  with  vegeta- 
tion : — '*  Near  the  moath  of  Glacier  Bay  is  a  cluster  of  low  islands 
named  after  Commander  Beardslee,  of  the  United  States  Navy. 
There  are  twenty-five  or  thirty  of  these,  and  they  are  composed  of  . 
loose  material— evidently  glacial  diihris — and  are  in  striking  con- 
trast with  most  of  the  islands  and  shores  in  south-eastern  Alaska. 
These,  also,  like  all  the  other  land  to  the  south,  are  covered  with 
evergreen  forests,  though  the  trees  are  of  moderate  size." 

It  is  obvious  that  a  very  slight  advance  of  the  ice — snch  as  are 
known  to  be  of  common  occurrence — might  cover  this  vegetation 
with  glacial  deposits  and  present  all  the  phenomena  of  "  intergiacial 
beds." 

Another  indication  of  the  possible  close  association  of  a  Mammalian 
fauna,  and  the  action  of  ice  is  furnished  by  the  phenomena  of  the 
region  of  Hundes  in  India. 

No  glaciers  descend  there  below  14,000,  and  very  few  below 
16.000  or  17,000;  and  it  has  been  shown  by  Mr.  Lydekker  that 
Wild  Horses  {Equm  hemionus)  and  Yaks  {Bob  grunniens)  live  there 
at  elevations  of  15,000  feet.  Thai  remains  of  these  could  v^ry  easily 
be  imbedded  in  glacial  deposits  is  obvious.^ 

And  that  vegetation  may  occur  on  the  higher  ground,  while 
intervening  valleys  are  filled  with  ice,  is  indicated  by  Lydekker's 
account  of  the  glaciers  of  Baitistan. 

Of  the  Tapsa  glacier  he  writes  : 

''  Cypress  trees  extend  to  a  height  of  1000  or  1500  feet  above  the 
level  of  the  glacier."  * 

A  further  illustration  of  the  overlapping  of  an  even  temperate 
vegetation  with  the  ice  is  given  in  Bendu's  *^  Glaciers  of  Savoy." 

He  speaks  of  the  ice  advancing  between  banks  covered  with 
fiowers,  and  adds,  "  1  stopped  near  a  field  of  rye  which  was  by  the 
side  of  the  Glacier  des  Bossons.  An  ear,  almost  ripe,  and  swayed 
by  the  wind,  each  instant  touched  the  ice,  and  drew  back  as  if 
frightened  by  this  strange  guest  come  from  a  climate  which  has  no 
power  save  for  death."  * 

It  is  obvious,  in  fact,  that  while  the  higher  part  of  a  glaciated 
region  may  be  removed  from  all  animal  or  vegetable  life,  the  lower 
or  melting  portion  must  in  some  way  invade  the  zone  of  living 
creatures,  and  thus  tend  to  mingle  their  remains  with  the  tokens  of 
ice  action. 

But  do  the  facts  of  the  case  admit  the  supposition  that  any 
considerable  portion  of  our  fauna  and  flora  were  actually  able  to 
exist  in  the  southern  unglaciated  portion  of  Britain  during  the  period 
of  intense  cold  ? 

On  the  hypothesis  that  the  ice-sheet  extended  as  far  south  as  the 
latitude  of  London,  there  seems  but  a  small  area  left — and  that  in 
close  proximity  to  a  great  ice-sheet — for  its  conservation*    But  in 

1  See  Gbol.  Mao.  May,  1891,  pp.  209-210. 
»  Records  Geol.  Surv.  India,  vol.  riv.  p.  44. 
'  TraoBlatioii,  p.  6Q,  Edited  by  Prof.  George  Forbes. 


Digitized  by  VjOOQIC 


Q.  W.  Bulffum—Olaeial  Oeohgy.  409 

oohnexion  with  this  point  Bome  remarks  of  Sir  Charles  Lyell  in 
relation  to  existing  oonditions  in  Greenland  should  be  bome  in  mind. 

"  The  perpetnal  snow,"  he  writes,  '*  usually  begins  at  the  height 
of  2000  feet,  below  whioh  level  the  land  is  for  the  most  part  free 
from  snow  between  June  and  August,  and  supports  a  vegetation  of 
several  hundred  species  of  flowering  plants,  which  ripen  their  seeds 
before  winter.  There  are  even  some  places  where  phenogamous 
plants  have  been  found  at  an  elevation  of  4500  feet,  a  fact  which, 
when  we  reflect  on  the  immediate  vicinity  of  so  large  and  lofty 
a  region  of  continental  ice  in  the  same  latitude,  well  deserves  the 
attention  of  the  geologist,  who  should  also  bear  in  mind  that  while 
the  Danes  are  settled  to  the  west  in  the  '  outskirts,'  there  exists  due 
east  of  the  most  southern  portion  of  this  ice-covered  continent,  at 
the  distance  of  about  1200  miles,  the  home  of  the  Laplanders  with 
their  Beindeer,  Bears,  Wolves,  Seals,  Walruses,  and  Cetaoea.  If, 
therefore,  there  are  geological  grounds  for  suspecting  that  Scanda- 
navia  or  Scotland  or  Wales  was  ever  in  the  same  glacial  condition 
as  Greenland  now  is,  we  must  not  imagine  that  the  contemporaneous 
fauna  and  flora  were  everywhere  poor  and  stunted,  or  that  they  may 
not,  especially  at  the  distance  of  a  few  hundred  miles  in  a  sotUhward 
direction,  have  been  very  luxuriant."  ^ 

Nor  must  we  lose  sight  of  the  posnbiliiy  that  the  land  extended 
further  south  in  glacial  times  than  now ;  or  was  even  perhaps  joined 
to  the  continent.  For  it  is  still  a  moot  point  whether  glacial  Britain 
was  a  cluster  of  low,  ice-covered  islands,  or  a  highly  elevated 
glaciated  region  surrounded  and  united  to  continental  Europe  by 
a  great  plain  inhabited  by  an  abundant  flora  and  fauna. 

We  must  further  remember  that  the  supposition  that  the  ice-sheet 
extended  thus  far  south  is  founded  on  the  hypothesis  that  the  Till 
was  formed  beneath  the  ice-sheet,  and  this  view  of  its  formation  is 
by  no  means  certain  or  universally  received. 

Prof.  Boyd  Dawkins,  for  example,  points  out  that  the  evidence 
from  "  causes  now  in  operation  "  is  against  this  view.  For,  as  he 
remarks,  no  similar  deposit  is  found  where  glaciers  or  ice-sheets  have 
retreated ;  whereas  in  Davis  Strait  an  analogous  formation  is  being 
laid  down  by  the  water  from  the  melting  ice  entering  the  sea. 

If  this  view  of  the  formation  of  the  Boulder-clay  be  adopted,  the 
ice-sheet  may  be  supposed  to  have  terminated  much  further  to  the 
north,  and  the  difficulty  of  supposing  a  part  of  the  pre-glacial  fauna 
and  flora  to  have  found  an  asylum  much  lessened. 

The  peculiar  flora  of  the  south-west  of  Ireland  seems  to  me  to 
afford  a  hint  that  a  portion,  at  least,  of  our  plants  and  animals  were 
not  entirely  driven  out  of  the  country.  For  there  are  difficulties  in 
the  way  of  the  supposition  that  this  peculiar  flora — not  now  found 
further  north  than  Spain  and  Portugal — migrated  there  after  the 
glacial  epoch ;  and  Prof.  Forbes,  in  his  essay  on  the  fauna  and  flora 
of  the  British  Isles,  inclines  to  the  view  that  the  migration  took 
place  before. 

If  this  is  true,  these  plants  must  have  survived  the  Glaoial  epoch ; 
and  if  these,  why  not  many  others  of  our  plants  and  ^imals  ? 
^  Antiquity  of  Man,  p.  278. 
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A  similar  hint  is  offered  by  the  fact  that  the  glacial  drift  of  the 
west  of  England,  and  of  parts  of  Ireland,  contains  moUuaca  of  a  more 
southern  aspect  than  that  of  the  east  side  of  the  former.  For  it 
allows  as  to  suppose  a  milder  climate  existing  on  the  west  all 
through  the  period  of  cold,  and  thus  affording  a  retreat  for  forms 
which  might  otherwise  have  perished. 

Thus,  although  the  question  of  the  probability  of  mammalian  and 
other  remains  in  the  glacial  drift  of  Britain  without  the  interventioir 
of  warm  intervals,  cannot  be  definitely  settled  until  the  preliminary 
one  of  the  extent  of  the  land  of  the  Glacial  period  is  disposed  of, 
enough  has  been  brought  forward  to  show  how  easily  it  might 
happen  under  certain  conditions. 

Finally,  it  may  be  affirmed  that  the  evidence  that  the  intercalated 
sands  and  gravels  were  formed  during  a  mild  interglacial  period  is 
in  no  nngle  ease  conclusive;  that  while  they  are  not  the  sort  .of 
deposits  to  be,  a  priori,  expected  as  the  result  of  a  mild  interval, 
they  are  just  such  as  would  naturally  result  from  the  action  of  sub* 
glacial  streams,  the  oscillations  in  the  extent  of  the  ice  causing  the 
overlapping  of  glacial  and  aqueous  deposits,  and  the  work  of  the 
ice  itself;  and  that  a  gradually,  but  intermittently,  advancing  ice- 
sheet,  or  glacier,  could  not  avoid  overwhelming  and  burying  in  its 
own  debris  masses  of  vegetation,  while  the  latter,  closely  following 
the  retreating  ice,  and  growing  on  its  accumulations,  could  not  fau 
now  and  again  to  be  buried  beneath  the  deposits  of  some  temporary 
advance  of  the  same. 

And  since,  looking  to  the  present,  the  work  actually  done  beneath 
an  ice-sheet  or  glacier — especially  in  those  parts  remote  from  its 
lower  margin — is  still  shrouded  in  mystery,  it  seems  rash  to  assign 
every  bed  which  does  not  conform  to  our  usual  idea  of  the  work  of 
the  ice  to  an  interglacial  epoch. 


V. — Regent  Oeologioal  Investigations  in  the  Salt  Banoe. 
By  A.  B.  Wynitb,  F.G.S. 

rE  Geological  Survey  of  India  Records,  vol.  xxiv.  part  1,  1890, 
only  came  to  hand  to-day,  enabling  me  to  see  Mr.  Middlemiss's 
late  paper  on  the  Salt  Range. 

It  appears  to  be  one  of  the  many  charms  and  mysteries  of  Salt 
Range  geology  that  it  affords  fresh  discoveries  to  each  successive 
explorer;  hence,  possibly,  something  yet  remains  to  reward  the 
next  pilgrim  who  may  have  the  chance  to  criticize  Mr.  Middlemiss's 
conclusions, — let  us  hope  instructively. 

The  paper  at  present  referred  to  possesses  a  great  deal  of  interest, 
and  has  much  importance  with  regard  to  structural  geology.  I  trust 
it  may  receive  worthy  notice  under  light  more  modem  than  that  in 
which  my  Salt  Range  work  was  carried  out  more  than  twenty  years 
ago,  without  the  advantage  or  disadvantage  of  a  tendency  to  form 
foregone  opinions  about  the  views  of  others  before  I  reached  the 
ground.  Perhaps  I  may  also  remind  readers  that  when  I  was 
thus  engaged,  the  doctrines  of  inversion,  earth-thrusts  of  several 
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miles,  and  shearing,  so  largely  afiEeoting  Mr.  Middlemiss's  Tiews, 
and  whioh  arm  bis  oritioisms,  were  in  their  early  infancy  or  still 
nnbom,  and  had  not  been  de^Ioped  by  the  exhaastive  researches 
in  complicated  districts  of  the  Scottish  geologists,  whilst  complex 
superficial  displacements  from  landslip  abounded  in  degree  and 
magnitude  sufficient  to  render  conclusions  as  to  inversions,  eta,  such 
as  the  paper  advances,  very  doubtfuL 

One  conclusion  (not  the  author's  alone),  namely,  that  the  Boulder 
beds  form  a  single  continuous  horison,  seems  incontrovertible  upon 
the  accepted  evidence  advanced  for  unconformity.  This  relation  is 
easier  to  understand  when  it  is  assumed  that  the  Salt  Marl  is  an 
accidental  associate,  and  not  integral  as  an  original  basal  part  of  the 
series.  Begarded  as  of  the  latter  nature,  in  intimate  connexion 
with  the  lowest  succeeding  members,  whether  boulder  conglomerates 
or  sandstone,  it  was  of  course  impossible  to  hold  such  boulder 
rocks  to  be  contemporaneous  with  others,  at  a  higher  stratigraphical 
level,  in  an  apparently  perfectly  conformable  sequence.  The  inter- 
pretation depended  upon  the  existence  of  either  conformity  or 
discordance  within  beds  lying  in  a  general  way  more  or  less 
horizontally,  and  the  question  formed  one  of  those  problems  more 
likely  to  be  solved  by  the  application  of  broad  considerations  than 
of  local  details. 

The  paper  itself  suggests  an  illustration  of  this  where  reference 
is  made  to  derived  pebbles  as  proofs  of  discordance ;  for  it  is  an 
uncontested  fact  that  sandstone  beds  in  the  Eocene  group  trans- 
Indus  enclose  rounded  pebbles  of  fossiliferous  Nummulitic  limestone, 
and  are  overlaid  by  conformable  beds  of  similarly  fossiliferous 
Eocene  limestone  with  little  or  no  disturbance  (Mem.  O.  S.  I.  vol.  xi. 
p.  35,  et  a.).  In  other  cases  formations  containing  rolled  fragments 
of  their  own  rocks  have  also  been  recorded.  The  inference  from 
these  cases  is  quite  as  strongly  in  favour  of  conformity  as  of  dis- 
cordance :  in  fact,  as  strict  evidence  of  the  latter,  the  occurrence  of 
these  pebbles  has  little  or  no  weight.  If  this  be  true  of  trans- 
Indus  Nummulitic  pebbles,  why  should  it  be  otherwise  as  to 
dolomite  pebbles  from  the  Salt  Marl  in  an  overlying  conglomerate  ? 
or  as  to  Eocene  limestone  pebbles  in  the  next  Tertiary  layers  above  ? 
In  each  case  the  separation  as  to  time  is  reduced,  and  the  likelihood 
of  a  break  diminished,  leaving  to  wider  general  considerations  rather 
than  to  dogmatic  rules  the  position  of  the  safest  guides.  At  the 
same  time  the  contention  of  Mr.  Middlemiss  may  be  correct,  but 
the  case  affords  an  instance  in  which  each  observer  is  at  liberty  to 
form,  or  even  to  alter,  his  own  conclusions  according  to  his  lights. 

The  most  important  part  of  the  paper. is  the  author's  suggestion 
that  the  sub-Cambrian  Salt  Marl  has  no  ordinary  stratigraphic 
relations  with  the  rest  of  the  series,  but  is  of  plutonic,  igneous  or 
deep-seated  origin,  introduced  in  Tertiary  times,  accompanied  by 
lateral  and  vertical  disturbance,  thrusting,  and  shearing.  The  idea 
of  an  igneous  or  deep-seated  origin  for  rock-salt  formations  is  not 
new;  it  was  considered  and  discussed  so  far  as  possible  before 
any  Salt  Bange  Memoir  was  written,  but  there  did  not  then  seem 
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Bnffioient  evidence  to  foand  a  case  adverse  to  the  generally  received 
theory  of  production  of  saline  deposits.  I  gather  that,  notwith* 
standing  what  is  now  advanced,  the  case  is  still  incomplete,  yet 
I  trust  Mr.  Middlemiss  will  follow  np  the  snbject  to  conclusions 
that  cannot  be  called  hypothetical,  and  may  effectively  reconcile 
several  obscurities  on  both  sides  of  the  Indus. 

When  I  was  at  the  Salt  Range,  the  facts  of  internal  lateral  thrust 
displacements  not  having  been  demonstrated,  it  was  plain  the  series 
must  have  been  laid  down  upon  something,  and  the  marl  occupied 
the  place  of  the  visible  floor  to  the  rest  Supposing  the  part  above 
to  have  been  unconforraably  deposited,  what  conditions  would  have 
preserved  a  soft  saline  marly  mass  to  have  received  later  accumu- 
lations  ?  But  if  it  was  found  immediately  succeeded  by  earthy 
layers  passing  np  into  sandstones,  the  main  conditions  for  tranquil 
sequence  would  seem  to  have  been  present  as  I  saw  the  sections. 
I  have  not  seen  the  brecciated  junctions  of  the  Purple  sandstone 
with  the  underlying  marl  as  described  in  the  paper,  nor  do  I  quite 
grasp  how  such  a  condition — not  merely  superficial,  but  the  result 
of  deep  friction — might  be  established  between  substances  like 
soft  'scum'  and  hard  sandstone.  This,  of  course,  is  said  with 
reserve,  and  subject  to  correction  by  students  of  earth-movements, 
thrusting,  and  so  forth,  which  I  have  not  had  the  advantage  of 
working  out  in  natural  exposures. 

While  greatly  interested  in  Mr.  Middlemiss's  frank,  able,  and 
lucid  contribution  to  the  literature  of  the  Salt  Bange,  I  am  yet 
fain  to  hope  that — aside  from  subsequent  revelations  in  structural 
geology — other  readers  of  my  memoir  will  find  most  of  its  con- 
clusions reasonable  at  the  time  it  was  written.  Our  knowledge 
is  happily  progressive,  and  considering  the  extent  of  the  region 
itself,  with  the  circumstances  governing  its  exploration,  I  can  scarcely 
feel  vain  regret  that  something  did,  or  may  still,  remain  to  be  dis- 
covered. On  the  contrary,  few  will  learn  with  greater  satisfaction  of 
solid  additions  or  improvements  to  what  has  been  already  ascertained, 
notwithstanding  that  the  results,  such  as  they  were,  which  attended 
my  labours  for  rather  more  than  two  working  seasons,  cost  me  a 
good  deal  of  thought  and  exertion,  with  serious  loss  of  health,  and 
consequently  of  my  employment— considerations,  however,  already 
amply  recognized  as  having  nothing  whatever  to  do  with  the  geology 
of  the  Salt  Bange  or  other  regions.  Nevertheless,  the  retrospective 
pleasure  of  appreciating  the  observations  of  later  investigators  made 
upon  the  spot,  must  still  remain  possible  to  an  old  field-geologisb 
like  myself. 

KiNosTowir,  28ri  JtUff,  1891. 

yi. — BePOBT  on   bomb  BoOK-SpBOIUBNS  FBOM  THB   ElMBBRLBr 
DiAHOND-MlNBS. 

By  Prof.  T.  G.  Bonnbt,  D.Sc,  LL.D.,  F.R.S.,  F.G.S., 
and  MiB8  C.  A.  Raisin,  B.So. 
[From  a  collection  of  stones  obtained  from  the  refuse-heaps  of 
the  Kimberley  Mines  by  Mr*  Louis  Atkinson,  a  selection  was  made 
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by  Prof.  T.  Bupert  Jones  and,  by  kind  permiBsion  of  Prof.  Bonney, 
was  submitted  to  bim  for  examination,  in  packets  marked  I. — YIII. 
and  X.  Specimen  No.  IX.  was  sent  many  years  ago,  as  a  trap- 
rock  witb  garnets  from  tbe  Vaal  River,  by  Mr.  Bobert  Crotlts 
Jones.— T.  B.  J.] 

For  tbe  most  part  tbe  specimens  were  too  small  to  permit  of 
slioes  being  made ;  the  results  tberefore  were  in  suob  cases  obtained 
by  examining  tbe  powder  got  by  crusbing  tbe  fragments. 

L  a.  Tbe  green  mineral  is  Enstatite,  and  is  associated  witb  a 
colourless  transparent  mineral,  appearing  cracked  and  fractured, 
wbicb  seems  to  be  probably  Topaz. 

/3.  A  clear  brigbt-green  crystal  of  Enstatite. 

7.  Tbe  green  mineral  is  a  Pyroxene,  and  is  interorystallized  with 
red  Garnets. 

5.  A  slide  was  prepared  of  this  specimen,  which  showed  that  it 
consisted  of  Garnets  enclosed  in  a  green  Pyroxene,  probably  Ompba- 
cite,  with  small  rifts  or  tubuli  traversing  the  crystal  transverse  to 
tbe  prism-zone.  A  colourless  transparent  mineral  is  associated  with 
the  Pyroxene ;  it  has  straight,  or  nearly  straight,  extinction,  and 
might  be  Zoisite  or  possibly  Eyanite. 

IL  a.  A  transparent,  pale,  resin-coloared  specimen  of  Topaz. 

/3.  A  bright  green  Pyroxene,  with  a  yellowish  or  greenish-grey 
mineral,  which  has  one  good  cleavage  and  straight  extinction,  and 
may  be  Zoisite.  Very  dull  purplish  Garnets  are  included,  and  flakes 
of  brown  Mica. 

7.  A  Pyroxene  of  rather  foliated  habit,  having  a  clear,  deep,  rich 
green  colour  and  a  sub-metallic  lustre,  apparently  like  tbe  Ompbacite 
described  by  von  Drasche.  To  this  is  attached  a  white  fibrous 
mineral  evidently  a  carbonate,  probably  Calcite. 

S,  A  pale  sea-green  mineral  with  silky  or  pearly  lustre,  which 
shows  well-marked  cleavages,  breaks  into  rhomboidal  forms,  and 
appears  to  be  a  variety  of  Diallage. 

III.  Many  specimens  of  Iron-pyrites;  also  others  of  a  rock 
composed  of  Pyroxene,  Garnet,  and  (?)  Zoisite. 

lY.  a.  Matrix  seems  to  consist  of  minutely  granular  Serpentine 
and  Olivine  with  some  brown  Mica — a  ground-mass  apparently 
similar  to  that  in  the  slide  cut  from  specimen  YI.  Green  crystals  of 
Augite  are  enclosed. 

fi.  Garnets  enclosed  in  a  clear  greenish  mineral,  very  pale  in  tint 
when  seen  in  thin  flakes  under  the  microscope,  and  somewhat 
foliated ;  it  is  probably  a  pyroxene  of  the  nature  of  Ompbacite. 

7.  Three  specimens  of  Gamet-pyroxene'mica'rock,  as  described,  IL)9. 

S.  Three  specimens  of  6amet'pyroxene'(2)zoisite'rock,  as  pre- 
-viously  described.  III. 

Y.  Specimens  of  Ilmenite  (called  "  carbon  "  by  the  miners). 

YI.  A  slide  prepared  from  this  rock  shows  a  ground-mass,  the 
constituents  of  which  are  difficult  to  distinguish ;  it  appears  to  be  an 
irregular  mixture  of  brown  Mica,  brownish-green  Serpentine,  and 
a  dirty-looking  mineral,  which  is  seen  with  polarized  light  as  an 
-aggregate  of  fine  granules,  and  in  parts  seems  to  be  associated  with 
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the  serpentine  in  a  sab^ophitio  way.  Within  the  ground-mass  are 
well-formed  crystals  of  green  Aagite»  also  red  Garnet  and  brown 
Mica.  Some  Olivine  is  in  good  preservation,  and  Serpentine  occurs, 
dark-  to  light-green,  the  result  of  the  alteration  of  a  ferro-magnesian 
silicate,  most  probably  an  Olivine  rather  rich  in  iron.  The  rook 
thus  would  seem  to  be  a  Qranaiiferow  Picrite. 

YII.  These  irregularly  cylindrical  bodies  consist  apparently  of 
small  fragments  of  the  minerals  of  the  rocks,  Gkimet,  Pyroxene,  etc., 
and  also  of  well-rounded  Quartz  grains,  all  the  constituents  being 
cemented  together,  apparently  by  Calcite.  The  structures  may  very 
possibly  be  concretionary  and  have  formed  within  a  sandy  rock. 

yill.  From  examination  of  the  powder  obtained  by  crushing  a 
fragment,  this  specimen  appears  to  be  Pyroxenic, — a  pale-greenish 
minutely  crystalline  Augite. 

IX.  This  rook  consists  of  red  Gkimets,  with  rather  perfect  crystal 
faces,  imbedded  in  a  brown  ground-mass.  A  slide  has  been  prepared 
which  shows  that  the  matrix  consists  of  an  ill-defined  crystalline 
mass,  including  either  incipient  or  partially-decomposed  forms  of 
a  mineral  which  has  an  appearance  suggesting  crystal  outlines 
of  a  Felspar-like  character.  Some  Quartz  may  also  be  present  A 
brown  Mica  occurs,  rather  iron-stained,  and  somewhat  confusedly 
crystallized.  There  are  also  crystals,  which  are  short  stout  prisms, 
rather  rounded,  terminating  in  basal  and  dome  planes,  transparent 
and  colourless,  highly  refractive,  and  with  straight  extinction ;  these 
may  possibly  be  Topaz.  The  somewhat  decomposed  and  iron* 
stained  condition  of  the  rock  makes  it  difficult  to  speak  with 
precision,  but  on  the  whole  the  probability  is  that  it  is  a  somewhat 
altered  fine-grained  Granatiferous  Mica-Diorite. 

X.  Quartz  pebbles. 

Note  by  Prof.  T.  Buperi  Jones,  F.R8. 
The  following  specimens  were  previously  supplied  by  Mr.  L. 
Atkinson,  knd  returned  to  Eimberley  labelled  for  the  use  of  the 
miners  and  others. 

1.  Slag  of  **  Blue  Oround "  (local  matrix  of  the  diamond)  arti- 
ficially burnt 

2.  Tufaceous  concretions,  roughly  cylindrical  and  branched, 
formed  locally  near  the  surface,  from  the  decomposition  of  the 
felspar  of  igneous  rocks  yielding  carbonate  of  lime,  and  the  calci- 
ferous  water  percolating  sandy  strata. 

8.  Pebbles  and  fragments  of  chalcedony  from  the  agates  of 
amygdaloids,  either  local  or  drifted  from  Uie  upper  country.  4. 
Quartz  crystal,  probably  from  an  agate.  6.  Oalcite,  probably  from 
the  local  tufa  or  from  an  agate.  6-10.  Iron-pyrites  in  irregular, 
knobbly,  concretionary  forms;  Hematite;  Ilmenite;  Garnet;  Epidote; 
probably  from  the  *'  Blue  Ground." 

11.  Shale  veined  with  calcic  carbonate.  From  the  "Eimberley 
Shale  "  of  the  **  Lower  Karoo  "  formation,  traversed  by  the  diamond- 
stuff.  12.  Porcellanite ;  possibly  burnt  shale.  13.  Silicified  wood; 
coniferous,  from  the  "  Upper  Karoo "  formation.     14.  Soft  ferru- 
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ginoas  grit-Btone ;  probably  from  the  Karoo  Beds.  15.  Sandstone ; 
from  the  Karoo  Beds.  Nos.  13  to  15  have  been  drifted  from  the 
Stormberg  and  neighbonrhood  higher  np  the  oountiy.  16.  Pebble 
of  brown  quartzite ;  possibly  from  the  Karoo  Beds. 

.  17.  Mnndio  in  slate.  18.  Siliceous  schist,  or  brown  banded 
lydite.  19.  Jasper.  20.  Yein-quartz.  Nos.  17 — 20  have  been 
derived  from  the  old  rooks ;  probably  having  been  brought  up  from 
below,  but  possibly  drifted  on  the  surface. 

The  mineral  contents  of  the  diamond-matrix  or  "  Blue  Ground  " 
of  Kimberley  (De  Beer's,  etc.)  were  described  by  the  late  Professor 
H.  Carvill  Lewis  in  the  Obol.  Mag.  1887,  pp.  22-24 

The  diamond-yielding  gravel  of  the  Yaal  Biver,  partly  drifted 
from  the  igneous  and  the  old  rocks  of  the  higher  country  on  the 
East,  and  partly  derived  from  diamantiferous  necks  and  patches,  has 
much  analogy  to  that  of  the  refuse-heaps  or  washed  stuff  of  the 
diamond-mines.  The  constituents  of  the  Yaal  gravel,  and  of  that 
of  Dutoit's  Pan,  are  enumerated  in  the  G^ol.  Mao.  1871,  pp.  55, 
56 ;  and  Quart  Joum.  GeoL  Soa  vol.  xxviii.  1871,  pp.  17-21. 


YII. — On  a  Glacial  Mound  in  Glen  Fbuin,  Dumbabtonshibb. 

By  DuoALD  Bell, 
(Geological  Society  of  Glasgow. 

GLEN  FRTTIN '  is  a  quiet  secluded  glen,  ahout  six  miles  in  length, 
extending  in  a  north-westerly  direction  hetween  Lochlomond 
and  the  Gareloch,  and  opening  off  the  neck  of  land  ^hich  divides 
those  lochs  at  hetween  200  and  300  feet  ahove  the  sea.  To  the 
south-east,  it  slopes  towards  Lochlomond,  of  which  the  Fruin  water 
is  one  of  the  principal  afQuents.  On  the  west  it  is  divided  from  the 
Gktreloch  hy  a  range  of  hills  1000  or  1200  feet  in  height,  which  at 
its  upper  extremity  suhside  into  a  col  or  pass  of  600  or  700  feet. 
This  upper  part  of  the  glen  is  composed  of  the  mica  and  clay  slates 
common  to  the  Western  Highlands.  The  lower  part  is  formed  of 
beds  of  the  Caloiferous  Sandstone  series,  which  have  here  been 
faulted  down  against  the  older  formations. 

The  upper  part  of  the  glen  bears  every  indication  of  having  been 
at  one  time  occupied  by  a  lake. 

A  huge  boulder  of  mica-schist,  resting  on  the  sandstone,  occurs 
near  the  foot  of  the  glen,  and  there  are  many  smaller  ones  in  the 
same  neighbourhood.  The  respected  Convener  of  the  Edinburgh 
Boulder  Committee,  the  late  Dr.  Milne-Home,  thought  this  large 
boulder  had  been  brought  by  an  iceberg  (which  was  his  favourite 
means  of  transport)  either  coming  down  Lochlomond  and  drifting 
aside  into  Glen  Fruin,  or  more  probably  finding  its  way  over  the 
head  of  the  glen  during  a  period  of  *'  great  submergence.'* 

The  iceberg  hypothesis  seems  to  be  attended  with  insuperable 
difficulties,  when  we  consider  (1)  where  such  large  icebergs  could 
be  formed  in  the  event  of  so  great  a  submergence  as  the  theory 

^  The  **  Glen  of  Sorrow,"  scene  of  a  sangninaiy  conflict  between  the  Colqnhonns 
and  Macgregors  in  1603.     (See  Introduction  to  **  JEU)b  Boy.''} 
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reqaires;  and  (2)  by  what  possible  main  currents  of  tbe  ooeao, 
which  alone  could  move  them,  they  could  be  brought  to  these 
localities  and  positions.  For  these  and  other  reasons,  it  seems  more 
probable  that  such  boulders  owe  their  transport  to  a  great  sheet  of 
land-ice  which  once  filled  the  glen  from  side  to  side,  proceeding 
from  the  Argyleshire  mountains  on  the  north-west,  and  overflowing 
the  neck  or  col  at  the  bend  of  the  glen  as  also  that  at  the  head  of 
the  Gareloch,  between  it  and  Lochlong.^ 

This  view  is  strongly  corroborated  by  the  phenomenon  we  have 
now  to  describe,  viz.  a  remarkable  mound  of  detritus  which  occurs 
about  half  a  mile  farther  up  the  glen  than  the  large  boulder  referred 
to,  and  extends  for  a  considerable  distance  in  a  winding  line  across  the 
hill-side  in  a  direction  from  S.W.  to  N.E.,  i.e.  iramverse  to  the  glen. 
It  is  most  conspicuous  on  the  eastern  side  of  the  glen,  where  it  runs 
from  300  to  about  500  feet  above  the  sea,  '<  tailing  ont"  on  the 
hill-side  towards  Lochlomond  at  a  still  greater  elevation ;  but  it  can 
be  traced  on  the  western  side  also,  in  the  same  general  direction, 
though  there  the  ground  is  lower,  and  not  so  favourable  for  its 
preservation.  It  is  composed  of  typical  moraine  matter — large  and 
small  stones,  sand  and  gravel,  confusedly  mixed  together ;  many  of 
the  stones  being  distinctly  striated.  Some  are  sandstones  from  the 
immediate  neighbourhood ;  others,  schists  and  quartzes,  from  greater 
distances. 

The  mound  varies  from  10  to  20  or  25  feet  in  height,  and  from 
20  to  30  feet  in  breadth.  In  some  parts  it  resembles  a  row  of 
hummocks  of  varying  height ;  in  others  it  rises  from  the  surrounding 
moor,  distinct  and  continuous  as  a  railway  embankment  A  number 
of  boulders,  some  of  considerable  size,  are  perched  on  its  sides  or 
summit,  and  strewn  along  its  base. 

There  can  be  little  doubt  this  is  a  "  terminal  moraine  "  of  the  great 
ice-sheet  which  once  occupied  the  glen ;  and  we  may  add  it  is  one 
of  the  most  notable  and  characteristic  which  we  have  seen  in  the 
West  of  Scotland. 

A  number  of  detached  mounds  of  considerable  size  occur  at  lower 
levels,  beyond  the  opening  of  the  glen  towards  Lochlomond,  and 
may  be  relics  of  still  older  moraines. 

Meantime  the  one  we  have  described  suggests  the  following 
inferences : 

1.  There  has  been  no  submergence  to  this  point  since  the  mound 
was  deposited.  Its  rough,  undressed,  unstratified  condition — its  very 
existence  as  a  distinct  mound — proves  this.  Had  there  been  a  sub- 
mergence of  as  much  as  500  feet  since  it  was  deposited,  such  a  loose 
earthwork  would  soon  have  been  demolished  and  effaced  by  the 
currents  sweeping  across  this  low  neck  of  land  between  Lochlomond 
and  the  Clyde. 

2.  For  the  same  reason,  there  could  be  no  submergence  to  that 
extent  while  the  mound  was  being  deposited.  Some  geologists  hold 
that  the  ice-sheet  reached  the  sea  as  the  land  rose  (assuming  a  sub- 
mergence) and  laid  down  such  mounds  along  the  sea-margin.    In 

I  Ab  notioed  many  years  ago  by  C.  Madaren;  Edin.  New  Phil.  Jonm.  vol.  xi. 
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that  case  they  would  surely  have  borne  distinot  marks  of  assortment 
and  stratification,  especially  in  localities  where  strong  currents  must 
have  been  in  operation. 

8.  Nor,  finally,  is  there  any  proof  of  a  ''great  submergence" 
prior  to  these  latest  works  of  the  ice.  This  is  where  the  advocates 
of  such  a  submergence  join  issue.  They  maintain  that  there  was  a 
first  or  general  glaciation,  then  a  deep  submergence,  then  a  partial 
or  local  glaoiation,  by  which  all  distinct  traces  of  the  submergenoe 
were  removed.  But  a  little  reflection  will  show  (a)  that  it  is  very 
improbable  any  subsequent  local  glaoiation  could  remove  all  traces 
of  the  sea's  presence  at  high  levels,  supposing  it  had  been  there. 
The  sea  marks  a  horizontal  line  and  goes  into  every  nook  and  cranny 
of  the  land  along  the  line ;  whereas  the  glacier  marks  a  descending 
line,  and  keeps  to  one  main  channel,  not  branching  off  in  every 
direction  as  the  waters  do.  The  area  of  the  glacier,  therefore,  could 
not  coincide  with  that  of  the  submergence  so  as  to  remove  all  traces 
of  the  latter.'    Then  (6)  if  such  traces  had  been  entirely  removed 


Fio.  1. — Sketch  Map  showing  position  of  Monnd  (M.) 


Fio.  2. — General  Aspect  of  the  Mound. 

from  every  glen  like  this  Glen  Fruin,  they  should  at  least  be 
disoemible  in  the  heaps  of  debris  which  the  ice  has  left  near  the 
months  of  such  glens.  All  over  the  country  there  are  innumerable 
glacial  mounds  and  heaps — the  **  sweepings  *'  of  glens  which,  in  the 
case  of  the  alleged  submergence,  must  have  been  sheltered  inlets  of 
the  sea,  favourable  to  almost  every  form  of  marine  life.  These 
heaps,  as  well  as  the  Boulder-clay  of  the  country  generally,  should 
abound  in  fragments  of  marine  fossils,  if  there  had  been  such  a 


^  See  Trans.  Geol.  Soc.  of  Glasgow,  yol.  ix.  p.  109. 
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sabmergenoe,  instead  of  being,  as  they  are  on  the  whole,  quite 
destitate  of  organic  remains. 

This  argument  is  not  founded  on  a  supposition,  but  on  a  fact 
Wherever  the  ice  can  be  shown  (by  the  strisd  on  the  rocks, 
the  stones  in  the  **  drift,"  etc.)  to  have  passed  over  what  is  still 
a  sea-bed,  or  what  there  is  no  doubt  was  formerly  such,  during  a 
very  moderate  submergence,  there  also  numerous  fragments  of  sea- 
shells  are  found  in  the  drift  or  Boulder-clay ;  as  in  the  instances  of 
Caithness,  Arran,  Drymen,  South  Ayrshire,  Holdemess,  Cromer, 
Lancashire,  etc. 

The  advocates  of  the  ''  great  submeigence  "  have  therefore  these 
two  facts  to  account  for:  (1)  the  absence  of  all  proofs  of  such  sub- 
mergence in  situ  at  the  high  levels  to  which  it  is  supposed  the  sea 
attained ;  and  (2)  the  absence  of  all  evidenoe  of  it  in  the  debris 
derived  fr<na  these  high  levels. 


»  DB  "V  I  E  ^SV"  S. 


L — An  Intbodttotion  to  thu  Study  of  Mammals  LrviKG  awd 
Extinct.'  By  William  Hinby  Flowib,  C.B.,  r.E.S.,  D.C.L., 
eta,  etc.,  and  Biohabd  Lydikksb,  B.A.,  F.G.S.,  eta,  eta  8va 
pp.  xvi.  and  763,  Illustrated  with  857  Woodcuts.  (London, 
Adam  and  Charles  Black,  1891.) 

THE  authors  of  this  important  Manual  have  rendered  a  most 
valuable  service  to  Biological  Science  by  furnishing  us  with 
a  book,  long  wanted,  but  heretofore  not  to  be  met  with  in  any 
country  or  language,  and  one  which  will  be  eagerly  sought  after  by 
zoologists  and  palssontologists  engaged  in  the  study  of  the  higher 
Vertebrates  all  over  the  world. 

The  few  manuals  approaching  somewhat  to  this  in  size,  in  other 
countries,  are  of  too  popular  a  character  to.  be  compared  with  the 
present  work.  We  have  some  bulky  recent  works,  and  smaller 
manuals  too,  on  systematic  zoology,  on  palsdontology,  on  comparative 
anatomy,  and  on  the  habits  of  mammals.  In  the  present  volume 
these  different  details  are  so  happily  amalgamated  together  that  we 
are  enabled  to  gain  a  good  general  knowledge  of  our  subject,  which 
a  laborious  journey  through  many  volumes  by  various  authors  would 
have  failed  to  procure  for  us. 

Originally  initiated  as  a  series  of  articles  running  through  the 
twenty-four  volumes  of  the  ninth  edition  of  the  "  EncyclopsBdia 
Britannica,"  from  1875  to  1888,  by  one  of  the  authors  (Prof.  Flower), 
the  present  work  has  the  additional  advantage  not  only  of  bringing 
all  this  information  on  the  Mammalia  together,  but  by  the  cooperation 
of  Mr.  Lydekker,  as  joint  author  with  Prof.  Flower,  much  new 
matter  relative  to  fossil  forms  has  been  added,  and  the  whole  brought 
up  to  date,  both  as  to  the  living  and  extinct  forms. 

After  a  brief  introduction  of  six  pages,  chapter  ii.  (pp.  7  to  81)  is 
devoted  to  the  general  anatomical  characters  of  the  Mammalia;  these 
are  written  in  terse  yet  clear  language,  and  by  the  aid  of  some 
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twenty-four  figofes  tii  the  text  are  brougiit  witkin  the  oomprehenfiion 
of  the  yoQDgest  ttndent  of  comparative  anatomy. 

Chapters  iii.  and  iv.  (pp.  82  to  116)  are  devoted  to  the  Origin  and 
Classification,  and  to  the  geograj^ioal  and  geological  distrihution 
of  the  class,  and  will  he  tmA  wi&  deep  interest  hy  all  who  seek  to 
trace  the  h^innings  of  Mammalian  life  on  our  earth. 

So  long  ago  as  1879  Prof.  Hnxley  came  to  the  conclnsion,  that  in 
looking  among  the  Vertebrates  for  die  progenitors  of  the  Mammalia 
we  mast  pass  over  all  known  forms  of  Birds  and  Reptiles  and  go 
straight  down  to  the  Amphibia, ''  they  are  the  only  air-breathing 
Vertebrates  which,  like  Mammals,  have  a  dicondylian  skull.  It  is 
only  in  them  that  the  articular  element  of  the  mandibular  arch 
remains  cartilaginous,  while  the  quadrate  ossification  is  small,  and 
the  squamosal  extends  down  over  it  to  the  osseous  elements  of  the 
mandible,  thus  affording  an  easy  transition  to  the  mammalian  con- 
dition  of  those  parts.  The  pectoral  girdle  of  the  Monotremes  is  as 
much  amphibian  as  it  is  sanropsidian ;  the  carpus  and  the  tarsus  of 
all  Sauropsida,  except  the  Chelonia,  are  modified  away  from  the 
ITrodele  type,  while  those  of  the  Mammal  are  directly  reducible 
to  it."  In  1885  Prof.  Cope  called  attention  to  the  remarkable  re- 
semblance to  the  Monotremes  presented  by  the  skeleton  of  that 
group  of  early  Secondary  reptiles  which  he  then  designated  the 
TheromorphOj  but  which  may  be  included  in  the  AnomodtmUa  of  Sir 
Richard  Owen,  and  came  to  the  conclusion  that  in  that  group  we 
have  the  true  ancestors  of  the  Mammalia. 

"  Since  that  date  observations  made  on  the  structure  of  the  South 
African  Anomodontia  have  shown  such  an  intimate  connexion  between 
this  group  and  the  Lahyrinthodont  Amphibians,  that  there  can  be  no 
hesitation  in  regarding  the  one  as  the  direct  descendant  of  the  other ; 
and  we  may  probably  regard  the  Mammalia  as  having  originated 
from  the  same  ancestral  stock  at  the  time  the  Amphibian  type  was 
passing  into  the  Reptilian.  From  this  point  of  view,  some  of  the 
mammalian  features  found  in  the  more  specialized  Anomodonts  may 
probably  be  regarded  as  having  been  acquired  during  a  parallel  line 
of  development." 

In  dealing  with  existing  forms  of  Mammals  we  find  that  they  have 
become  so  broken  up  into  distinct  groups  by  the  extinction  of  inter- 
mediate forms,  that  a  systematic  classification  is  perfectly  practicable. 

When,  however,  we  pass  to  the  extinct  world,  all  is  changed.  In 
many  oases  the  boandaries  of  our  groups  become  enlarged  until  they 
touch  those  of  others.  New  forms  are  discovered  which  cannot  be 
placed  within  any  of  the  existing  divisions,  and  they  are  no  longer 
sufScient  for  the  purpose,  and  some  other  method  will  have  to  be 
invented  to  show  the  complex  relationships  existing  between  dif- 
ferent animal  forms  when  viewed  as  a  whole. 

We  quite  agree  with  the  authors  that  a  linear  classification  cannot 
be  made  to  express  the  many  inter-relationships  existing  between 
the  different  families  and  orders ;  indeed,  as  regards  many  of  the 
fossil  forms,  it  is  almost  impossible  to  decide  where  to  place  them 
in  relation  to  living  families. 
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On  pp.  107-115  is  ^ven  a  Bummary  of  what  is  known  of  tlie 
Mesozoic  Mammals,  and  on  pp.  115-116,  a  few  remarks  on  Tertiary 
Mammals ;  but  these  are  dealt  with  in  greater  detail  in  the  sub- 
sequent chapters  under  the  heads  of  the  groups  to  which  they  are 
severally  allied.    '^  The  comparatively  scanty  evidence  of  mammalian 
life  hitherto  yielded  by  the  Cretaceous  (formation),  coupled  with  the 
number  and  variety  of  forms  approximating  to  the  existing  groups 
found  even  in  the  lowest  Tertiary,  indicates  a  great  imperfection  of 
the  geological  record.     At  present,  indeed,  we  have  no  decisive 
evidence  of  the  existence  of  any  members  of  the  Entherian  sub* 
class  previously  to  the  Tertiary ;  but  it  can  hardly  be  doubted 
that  in  some  part  of  the  world  they  had  made  their  appearance 
before  that  epoch.    The  Eutherian  mammals  of  the  lowest  Eocene, 
both  in  Europe  and  the  United  States,  are  of  an  extremely  gene- 
ralized type ;  and  although  many  of  them  approximate  to  existing 
groups,  they  show  such  a  combination  of  characters,  now  restricted 
to  individual  groups,  as  to  indicate  that  several  of  the  various  orders 
into  which  the  subclass  is  now  divided  were  at  the  period  very 
intimately  connected.    A  marked  feature  of  these  early  Eutherians 
is  the  prevalency  of  trituberculism  in  the  dentition,  not  less  note- 
worthy being  the  frequent  occurrence  of  pentadactylism  in  the  feet, 
while  many  of  the  individual  bones  were  devoid  of  the  grooves  and 
ridges  found  in  those  of  later  types.     By  the  time  that  we  reach  the 
npper  division  of  the  Eocene  period,  such  as  the  horizon  of  the 
well-known  gypsum  of  the  Paris  basin,  nearly  all  the  chief  groups 
of  mammals  had  become  clearly  diflferentiated  from  one  another, 
although  their  representatives  were  usually  more  generalized  than 
their  existing  allies.     From  this  date  to  the  later  geological  periods 
there  is  a  gradual  approximation  to  the  type  of  mammalian  life 
existing  at  the  present  day." 

Turning  to  the  table  (pp.  88-92),  we  find  the  class  Mammalia 
subdivided  into  sub-classes,  orders  and  sub-orders,  and  lastly  into 
families.  One  hundred  and  thirty-one  families  are  recorded,  of 
which  eighty-six  are  living  and  forty-six  are  extinct  Many  of  the 
so-called  families  of  extinct  forms  are  represented  by  a  single  genus 
founded  on  a  fragmentary  individual  remain,  so  that,  although  of 
extreme  interest,  they  can  hardly  claim  equal  taxonomic  importance 
with  known  families  represented  by  many  genera  all  composed  of 
complete  individuals. 

We  notice  a  trivial  slip  (pp.  88-89),  TritylodontidsB  being  given 
twice  over  in  the  Prototheria  and  in  the  Metatheria.  The  reference 
to  it  under  Multituberculata  is  doubtless  coiTect,  and  the  second 
(under  Marsupialia)  may  be  cancelled. 

Owing  to  the  diligence  of  recent  explorers  the  extinct  families 
known  are  now  fully  half  as  numerous  as  the  living,  nevertheless  of 
many  of  these  our  information  is  of  the  scantiest ;  nor  do  they  help 
us  to  trace  the  derivation  of,  or  the  inter-relationship  which  we 
know  must  have  existed  in  the  past  between  many  of  the  great 
groups  which  stand  out  to-day  in  strongly-marked  distinctiveness 
from  the  rest  of  the  class.    What,  for  instance,  do  we  know  of  the 
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deriyation  of  the  ProboBoidea?  the  Sirenia?  the  Cetacea?  or  of  the 
Edentata?  These  are  Bome  of  the  most  diffioalt  qaestions  which 
have  to  be  answered  by  the  modem  oomparatiye  anatomist  and 
biologist 

Under  geographioal  distribution  the  authors  have  adopted  the 
Zoological  regions  proposed  by  Mr.  Sclater  in  1867,  but  although 
there  are  a  few  instances  recorded  of  change  of  distribution  due  to 
geological  causes  in  late  Tertiary  times,  we  may  take  it  that  in  this 
part  the  fossil  evidence  is  omitted.  Thus  under  the  Nearctic  region, 
it  is  stated,  "there  are,  however,  no  Perissodactyla,"  whereas 
BhtnoceroB  megalodus  has  been  described  by  Cope,  as  well  as  numerous 
other  Tertiary  forms  by  Leidy  and  by  Marsh. 

We  should  very  much  like  to  see  an  attempt  made  to  show  the 
geographical  distribution  of  the  Mammalia  in  past  times,  as  well 
as  at  the  present  day.  For  instance.  Dr.  Sclater's  PalsBarctic  and 
Nearctic  regions  were  certainly  one,  in  late  Pleistocene  times,  as  the 
evidence  of  the  Mammalia  clearly  shows.  Thus  we  have  Bangifer 
iaranduSf  Aleea  fnachUs,  Cervus  daphus,  and  its  varieties,  Ovibos 
mosehatuSf  Bison  prt»cu$f  with  the  Lemming,  Marmot,  tailless  Hare, 
Beaver,  Fox,  Wolf,  Otter,  White  Bear  and  Brown  Bear,  the  Mammoth 
and  the  Horse  spread  over  all  these  Northern  regions  alike  in  the  old 
and  the  new  world,  so  that  these  modem  geographical  regions  only 
represent  the  tom-up  portions  of  far  wider  areas  formerly  connected. 
The  same  holds  good  of  the  Ethiopian  and  Oriental  (or  Indian) 
regions,  the  faun»  of  which  even  now  show  such  strong  marks  of 
affinity  the  one  with  the  other. 

Professor  Flower  is  one  of  those  who  has  advocated  more  strongly 
than  any  other  Zoologist  the  importance  of  incorporating  fossil  and 
recent  forms  together;  but  there  are  not  wanting  signs  in  this 
▼olume  of  the  difficulties  which  the  authors  have  felt  in  attempting 
this  course.  In  each  family  the  extinct  species  are  carefully  kept 
apart  from  their  recent  congeners,  a  plan  which  certainly  bespeaks 
the  doubts  which  the  authors  must  have  often  felt,  owing  to  the 
imperfect  nature  of  the  fossil  evidence^  of  incorporating  them  in 
the  same  series. 

For  a  Second  Edition,  which  will  certainly  not  be  long  delayed, 
we  venture  to  offer  the  following  corrections.  Among  the  Bodentia, 
to  the  family  LagamyidtB,  are  given  i  or  i  premolars  (p.  491),  whilst, 
aooording  to  Forsyth-Major,  the  number  of  premolars  in  this  family 
is  the  same  as  in  the  LeporidcBy  viz.  f,  this  being  the  number  of  the 
deciduous  molars,  as  observed  in  Myolagua  Meyeri,  and  M,  sardus ; 
moreover  the  statement,  "  molars  rootless,"  does  not  apply  to  all  the 
members  of  the  family,  as  in  Lagodus  (Titanomys),  which  for  this, 
and  other  reasons,  deserves  to  rank  as  a  genus  distinct  from  Lagomys, 
as  well  as  Myolagus,  the  premolars  and  molars  are  both  rooted. 

In  the  small  space  at  our  disposal  it  is  impossible  to  give  more 
than  a  bare  idea  of  the  volume  before  us.  Of  its  usefulness  there 
can  be  no  question,  and  we  may  speedily  expect  to  see  French  and 
German  editions  appearing  on  the  Continent 

We  heartily  congratulate  the  authors  upon  the  successful  issue 
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of  their  labours;  they  have  produoed  a  book  whioh  will  greatly 
advance  our  knowledge  of  the  higher  Vertebrata,  and  must  prove 
most  helpful  to  the  student  of  Mammalogy;  nor  oan  any  Library  of 
reference  be  complete  without  this  most  excellent  vade  mecum. 

n. — Abmoubkd  Paubozoio  Shasks. 

1.  Uebbb  Flosbenstaohbln  odbh  Iohthyodobulithek  iu  Allgb- 

MBiNEN.      By    Dr.    Otto    Jaekel.      Sitzungsb.    Ges.    naturfl 
Freunde,  Berlin,  1890,  pp.  119-181. 

2.  Uebeb  Msnaspis,  nebst  alloembinen  Bemebkunoen  uebkb  bib 

systematibohe  Stellumg  deb  Elasmobbanohii.    By  Dr.  Otto 
Jaekel.     Ihid.  1891,  pp.  115-131,  with  Plate. 

3.  OrACANTHVS    BOCEUMBNSIS,     n.Sp.,     BIK     TbAOHTAOANTHIDB     DBS 

DEUTSCHEN  KoHLENQEBiBOES.    By  Dr.  Otto  Jabkbl.    Zoitschr. 
deutsch.  geol.  Ges.  1890,  pp.  763-765,  PL  xxxviL 

LAST  month  we  had  the  pleasure  of  recording  important  progress 
in  our  knowledge  of  some  Palsdozoic  Elasmobranch  skeletons, 
due  especially  to  the  researches  of  Dr.  Anton  Fritsch  among  the 
Pleuracanth  fishes  of  the  Bohemian  Peimian  formation.      On  the 
present  occasion  we  are  able  to  chronicle  another  interesting  advance 
in  the  study  of  allied  forms,  resulting  from  the  renewed  examination 
of  a  fossil  from  the  German  Eupferschiefer  described  many  years 
ago  by  Giebel.     It  has  long  been  known  that  certain  representatives 
either  of  the  Elasmobranchii  or  of  the  Holooephali,  in  Palaeozoic 
times,  possessed  a  remarkably  developed  dermal  armour.     Hitherto, 
however,  the  portions  of  this  armour  have  almost  invariably  been 
found  isolated,  only  few  discoveries  suggesting  that  they  were  fixed 
upon  the  head  and  anterior  part  of  the  trunk  of  the  fishes  to  which 
they  originally  pertained.     Quite  recently  Dr.  Otto  Jaekel  has  made 
an  interesting  contribution  to  the  subject  by  further  extricating  from 
the  matrix  the  supposed  Elasmobranch  fossil  described  and  figured 
by  Giebel  without  name  in  the  Zeitschr.  gesammt  Naturw.  Halle, 
1866,  p.  367,  pis.  iii.  iv.;  and  this  is  identified  with  a  problematical 
fish  very  inadequately  described  by  Ewald  in  the  Monatsber.  k. 
preuss.  Akad.  Wiss.  1848,  p.  38,  under  the  name  of  JtfenaspM  armaia. 
'  The  fossil  in  question  is  clearly  and  concisely  described  in  the 
second  memoir  quoted  at  the  head  of  this  notice,  and  Dr.  Jaekel  is 
to  be  congratulated  upon  the  success  with  which  he  has  removed  the 
obscuring  film  of  matrix  which  caused  the  vagueness  in  Giebel's 
original  figure.     The  specimen  is  but  small — perhaps  not  more  than 
0*16  in  length — and  is  interpreted  as  displaying  the  dorsal  aspect 
to  the  hinder  border  of  the  pelvic  fins.     The  head  and  anterior  part 
of  the  trunk  seem  to  have  been  comparatively  broad  and  depressed ; 
and  the  pectoral  fins  were  evidently  larger  than  the  pelvic  pair. 
There  are  three  lateral  pairs  of  much  elongated  dermal  spines,  with 
i-ecurved  tips,  fixed  upon  the  head  ;  and  a  single  pair  of  OraeanthuB- 
shaped  spines  also  occurs  postero-laterally.     Between  the  pectoral 
fins  there  is  placed  another  pair  of  smaller  broad  triangular  spines ; 
and  in  the  skin  of  the  back  there  are  symmetrically  disposed  longi- 
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tndinal  series  of  spinous  tubercles.  Of  the  cartilages  of  the  head 
and  trank  nothing  is  visible ;  and  in  the  paired  fins  there  are  only 
feeble  traces  of  nearly  parallel  rays.  No  median  fins  can  be  seen ; 
and  the  dentition  is  doubtfully  inferred  from  fragments  to  have 
oonaisted  of  Cochliodont  plates. 

Dr.  Jaekel  was  led  to  the  investigation  of  MeMLspis  by  his  studies 
of  IchthyodoruliteSi  detailed  in  the  first  and  third  of  the  memoirs 
quoted  above.  The  result  is  most  gratifying  to  those  who  recognize 
in  this  fossil,  as  now  elucidated,  the  dawn  of  our  knowledge  of  the 
PalsBozoic  armoured  Sharks.  At  the  same  time,  however,  it  is  much 
to  be  regretted  that  before  launching  into  broad  speculations,  the 
author  did  not  further  take  advantage  of  the  kind  offices  of  Prof. 
K.  von  Fritsch,  and  borrow  for  study  another  of  Giebel's  Eupfer- 
aohiefer  fishes — Diehelodus  aetUu$,  If  this  be  correctly  interpreted 
in  the  original  memoir  (Zeitschr.  gesammt  Naturw.  Halle,  1857, 
p.  121,  pi.  iv.),  it  affects  very  materially  some  of  Dr.  Jaekel's  gene- 
ralizations concerning  **  Tradiyaoanihidsa  ";  and  we  venture  to  Uiink 
that  an  examination  of  it  would  have  considerably  modified  many 
matters  which  we  regard  as  baseless  imagination. 

Whether,  indeed,  from  an  imperfect  acquaintance  with  English,  or 
from  defective  memory,  or  hasty  work,  Dr.  Jaekel's  theoretical 
remarks  are  full  of  misconceptions,  which  it  may  be  of  advantage  in 
some  respects  to  point  out  In  the  first  place,  he  arranges  dorsal 
fin-spines  in  three  divisions — the  **  Cestraciont,"  the  "Acrodont," 
and  the  ^ChimsBroid" — ^aocording  to  the  form  of  their  transverse 
aection.  We  would  remark  that  Nemaeanlhus  (termed  *'  Oestraciont ") 
and  Ctenaeanthus  (termed  "Acrodont")  have  in  fact  the  transverse 
section  and  lateral  denticles  described  by  Dr.  Jaekel  as  exclusively 
**  Chimaeroid  " ;  whereas  the  dorsal  fin-spines  of  the  Myriacanthidss, 
which  are  certainly  Ohimseroid,  present  differences  again.  In  the 
first  memoir,  too,  a  whole  page  is  devoted  to  a  fundamental  miscon- 
ception of  Oyracanthtu;  but  this  is  cancelled  (as  the  result  of  an 
interview  with  Dr.  Traquair)  by  a  footnote  in  the  second  memoir. 
Finally,  Dr.  Jaekel  places  all  the  paired  Ichthyodorulites,  6.^., 
Oraeanthu8,  ErismacanthuSt  Physanemua,  Oampaacanthtu,  etc.,  in  a 
new  "group"  termed  " Trachyacanthidsd "  and  in  the  original 
memoir  this  is  regarded  as  including  both  the  Cochliodontidss 
and  the  ChimsBroid  genera,  Myriaeanthus  {*'  Frognathodus*')  and 
ChimCBrapBta. 

The  latest  researches  on  the  MyriacanthidsB,  however,  of  which 
Dr.  Jaekel  overlooked  the  preliminary  results  in  his  first  contribution, 
have  caused  a  considerable  modification  of  the  "  group  Trachyacan- 
thidae  "  in  his  second  memoir.  Menaspis  is  still  retained  as  a  member 
of  the  new  group,  and  made,  in  fact,  its  type ;  but  the  My riacanthidsa 
are  now  declared  to  be  *'  entirely  different."  So  far  all  will  doubtless 
be  in  accord  with  Dr.  Jaekel ;  but  when  he  raises  this  group  to  rank 
as  a  distinct  division  equivalent  to — and  intermediate  between — 
the  "Selachier"  and  "  Ghimaeriden,"  few  will  be  satisfied  with  the 
available  evidence. 

Here,  again,  several  fundamental  statements  require  correction 
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Wore  it  IB  poBBible  to  prooeed.  When  the  antlior  Temarks  tlial 
nnsymmetrioal  spines  never  occur  in  the  Selaohii,  we  would  inquire 
in  what  essential  characters  the  cephalic  spines  of  HyhoduB,  AcrodttB^ 
and  AsteracanthuB  differ  from  Erismaeanthuif  OampBoeanihuB,  and  the 
slender  paired  spines  of  Menaapis,  Furthermore,  the  spine  named 
Myriacanthus  granvlattu  has  never  been  regarded  as  a  head-spine 
(*'  Kopfstaohel  "),  as  Dr.  Jaekel  states  :  and  it  is  another  error  to 
assert  that  the  type-species  of  the  so-called  Prognaihodus  has  been 
in  part  claimed  as  pertaining  to  the  same  fish  as  MyriaeanthuB  granu* 
latu8.  To  suppose  that  the  typical  Cochliodont  dentition  is  of  an 
essentially  different  character  ("wesentlich  anderes  Gebiss  *' )  from 
that  of  all  true  Selachii,  displays  a  very  superficial  acquaintance 
with  existing  knowledge  of  the  subject ;  and  when  the  author  sug- 
gests that  this  dentition  may  have  been  firmly  anchylosed  with  the 
supporting  cartilages  of  the  jaw  (''mit  den  Eieferknorpeln  fest 
verwuchsen "),  we  become  alarmed  by  his  apparent  disbelief  in 
some  of  the  accepted  fundamental  principles  of  vertebrate  anatomy. 
A  mere  reference  to  literature  will  suffice  to  correct  the  extra- 
ordinary mis-statement  contained  in  the  expression,  **  Placoidei,  Ag. 
=  Elasmohranchiif  Bonap.  =  Chondropierygii,  Cuv.  emend.  Otinth." ; 
and  the  idea  that  the  calcification  of  the  Elasmobranch  endoskeleton 
always  consists  merely  in  a  superficial  "incrustation,"  will  soon  be 
removed  when  the  author  proceeds  further  in  his  studies  especially 
of  the  Palaaozoic  genera. 

Legitimate  inference  from  an  array  of  facts  is  always  a  welcome 
incitement  towards  new  research ;  but  when  so  many  premises  are 
false,  theoretical  disquisitions  are  a  burden  to  literature.  As  long 
ago  recognized  by  Owen,  when  he  founded  the  family  of  Cochlio- 
dontidsd,  the  peculiar  dentition  of  tliis  group  of  Sharks  results  only 
from  the  fusion  of  one  or  more  transverse  series  of  teeth  into  con- 
tinuous plates,  which  proceed  to  grow  at  the  inner  border  in  normal 
fashion,  and  curve  downwards  outside  instead  of  breaking  away. 
Every  stage  in  this  process  of  specialization  is  known,  from  the 
slightly  modified  Pleuroplax  to  the  extremely  specialized  Delioply- 
ehius ;  and  the  only  remains  of  the  trunk  of  these  fishes  hitherto 
discovered  {Pleuroplax  and  Diehdodus)  conform  to  the  Cestraciont 
type — not  to  that  of  Menoipis.  As  Egerton  himself  observed  in 
the  original  memoir,  the  teeth  of  the  Myriacanthidsd  bear  much 
superficial  resemblance  to  the  dental  plates  of  the  Cochliodonts ; 
and  it  is  thus  easy  to  conceive  how  they  may  have  been  developed 
at  first  in  a  similar  manner  from  a  dental  armature  such  as  was 
possessed  by  the  earlier  Elasmobranchs.  But  the  teeth  even  of  the 
Myriacanthidffi  are  already  typically  Chimseroid  in  structure  and 
mode  of  growth ;  and  to  infer  from  the  possession  by  these  fishes  of 
triangular  dermal  plates,  that  the  PalsBozoic  Cochliodonts  must  be 
somehow  related  and  armed  with  the  ichthyodorulites  named 
OracanihuBf  etc.,  seems  to  us  an  entirely  unscientific  procedure. 
We  still  remain  of  opinion  that  the  Cochliodonts  are  a  specialized 
offshoot  of  the  Cestracionts,  and  that  the  MenaspidsB  (as  the  family 
typified  by  Menaspis  ought  to  be  termed)  represent  some  unknown 
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group  that  yet  reqaires  elucidation.  Dr.  Jaekel  has  done  good 
service  in  dispelling  a  remarkable  illusion'  and  in  adding  some 
important  facts  to  our  knowledge  of  the  armoured  Sharks  of 
Palsdozoic  times ;  but  we  will  conclude  with  the  hope  that  in  future 
'  the  author's  contributions  of  this  kind  may  bear  signs  of  maturer 
study  and  be  less  overburdened  with  reckless  speculation. 

A.  8.  W. 


III. — Memorials  of  John  Gunn,  M.A.,  F.G.S. :  bbino  some  Ao- 

OOUNT  OF  THE  CbOHBB  FoBEST  BbD  AND  ITS  FoSSIL  MaMMALIA, 
AND   OF  THE   ASSOOIATED   StRATA     IN     THB     ClIFFS    OF   NoBFOLK 

AND  Suffolk,  fbom  the  MS.  Notes  of  the  late  John  Gunn. 
With  a  Memoib  of  the  Author.  Edited  by  Hobaob  B. 
Woodward.  F.G.S.,  with  the  assistance  of  B.  T.  Newton,  F.G.S., 
F.Z.S.     (Norwich :  W.  A.  Nudd,  1891.) 

FB  the  last  half  century  Mr.  John  Gunn  has  been  a  central 
figure  among  the  geologists  of  Norfolk,  and  the  present  volume 
is  a  welcome  addition  to  the  records  of  work  accomplished  by  local 
observers,  to  whom  British  Geology  is  so  much  indebted.  At  the 
time  of  his  death  Mr.  Gunn  was  occupied  with  a  second  edition  of 
his  "  Sketch  of  the  Geology  of  Norfolk  '*  (contributed  in  1883  to 
White's  History  and  Gazetteer)  ;  and  a  series  of  plates  illustrating 
the  larger  Mammalian  remains  of  the  Cromer  Forest  Bed  had  already 
been  prepared  and  printed.  The  MS.  was  well  advanced  towards 
completion,  and,  by  the  expressed  wish  of  the  author,  it  was 
entrusted  to  Mr.  Horace  B.  Woodward  for  publication  in  whatever 
form  might  seem  most  desirable.  Mr.  Woodward  wisely  decided 
not  to  reprint  the  earlier  **  Sketch,''  which  is  already  accessible,  and 
would  have  required  much  alteration  in  the  bringing  up  to  date ; 
but,  with  the  assistance  of  Mr.  £.  T.  Newton,  he  only  selected  such 
portions  of  the  Supplementary  Notes  as  contained  Mr.  Gunn's 
original  observations  and  opinions,  A  short  Memoir  of  the  Author, 
with  a  Portrait,  and  a  summary  of  his  work,  have  been  added  to 
these  notes ;  and  the  series  of  plates,  with  the  explanatory  remarks, 
form  an  interesting  guide  to  the  Gunn  Collection  of  Forest  Bed 
Mammals  now  preserved  in  the  Norwich  Museum. 

The  principal  items  in  the  biography  of  Mr.  John  Gunn  were 
given  in  the  obituary  notice  in  the  Geolooioal  Magazine  of  July, 
1890  (pp.  381-333).  Mr.  Woodward's  additional  notes  on  some  of 
his  papers,  however,  are  worthy  of  enumeration.  Though  chiefly 
concerned  with  the  later  formations,  Mr.  Gunn  paid  some  attention 
to  the  Chalk  and  underlying  rocks ;  and  his  opinions  concerning  the 
Bed  Chalk  and  the  possibility  of  discovering  Coal-measures  beneath 
the  Secondary  strata  of  Norfolk  are  worthy  of  respect  The  age 
and  relations  of  the  stony  bed  at  the  base  of  the  Norwich  Crag 
received  much  attention  from  the  author,  who  was  especially 
interested  in  the  Mammalian  remains  it  yielded ;  and  two  important 
sections  (one  at  Bramerton,  the  other  at  Coltishall)  are  reproduced 

^  0.  M.  Beis,  Geognoet.  Jahrb.  1890,  p.  30. 
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from  bis  anpablished  MS.  Long-oontiDued  researohea  in  connexion 
with  the  Forest  Bed  series  and  Boulder-olay  eventually  led  Mr.  Gann 
into  wide  speculations  as  to  the  cause  of  the  Glacial  Period  ;  and  in 
his  published  <<  Sketch  "  he  treated  of  still  more  recent  phenomena, 
making  interesting  observations  on  the  growth  and  accumulation 
of  plants  in  the  Norfolk  Broads. 

Mr.  Gunn's  own  chapters  in  the  volume  before  us,  as  migbt  be 
expected,  relate  almost  entirely  to  the  Forest  Bed  series.  Even  to 
the  last  his  views  as  to  this  formation  and  some  of  its  fossil 
Mammalia  were  not  altogether  in  accordance  with  those  of  the 
latest  authors ;  and  a  table  is  added  to  show  Mr.  Gunn's  classification 
of  the  deposits  as  compared  with  the  schemes  of  Prof.  Prestwich 
and  Mr.  Clement  Beid.  It  is  of  great  value  to  have  a  permanent 
record  of  the  observations  and  conclusions  of  one  who  made  so 
prolonged  and  detailed  a  study  of  this  much-discussed  series ;  and 
some  new  woodcuts  help  to  explain  the  text  The  notes  on  the 
Mammalia  were  evidently  only  just  begun,  and  are  thus  confined 
to  a  discussion  of  the  so-called  Elephaa  (Lepiodon)  giganteus,  Cervua 
bovideg,  and  Cervu$  OrompUmi.  None  of  these  names  are  adopted  by 
Mr.  E.  T.  Newton,  who  supplies  the  latest  lists  of  the  Forest  Bed 
and  Norwich  Orag  Vertebrate  Faunas ;  but  it  is  very  satisfactory 
to  have  a  definite  statement  by  the  author  of  the  grounds  upon 
which  he  foimded  his  determinations. 

The  little  volume  of  **  Memorials  "  is,  indeed,  a  work  of  far  more 
than  local  interest ;  and  we  commend  it  to  the  notice  of  all  who  are 
occupied  in  studying  the  latest  phase  in  the  geology  of  the  western 
border  of  Europe. 

IV. — Notes  on  the  Geolootoal  Section  exposed  in  the  Eailwat 
Cutting  from  Levenshulme  to  Fallowfield.  P£u*t  I.  By 
Wm.  Bbookbank  and  C.  E.  ds  Banoe.  Mem.  and  Proc.  Lit.  and 
Phil.  Soo.  Manohestbk,  ser.  4,  vol.  iv.  pages  unknown,  with 
plate  V.  in  3  sections :  date  uncertain,  1891.^ 

IN  this  section  the  Upper  Measures  of  the  Lancashire  Coal-field, 
possibly  the  highest  Coal-Measures  known  in  England,  are 
seen  to  underly  "  Lower  Bed  Sandstone ''  of  Permian  age.  In  the 
present  paper  the  authors  describe  the  eight  groups  of  limestones 
with  associated  marls  that  form  the  Upper  Coal  Measures  in  this 
locality.  The  sixth  group  from  the  top  is  considered  to  correspond 
with  the  Ardwick  Limestone  of  Phillips  containing  MegaUchthys 
Hihherti,  Most  of  these  Limestones  consist  largely  of  Entomostraoan 
and  Annelide  remains,  and  contain  numerous  coprolites,  but  not 
many  other  fossils.  The  presence  of  Hematite  produces  ''  beautiful 
gradations  of  colour"  in  both  limestones  and  marls,  and  we  are 
assured  that,  in  the  long  coloured  section  given  with  the  paper,  the 
actual  tints  are  reproduced ;  to  dispel  doubts  excited  by  the  brilliancy 
of  the  plates,  this  assurance  is  subsequently  repeated.     The  authors 

^  As  the  Anthon'  copy,  which  alone  has  heen  sent  to  ns,  has  been  repaeed,  we 
are  unable  to  g^ve  onr  readers  the  correct  reference  to  the  original  place  of  publi- 
cation. 
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reserve  for  a  fotare  paper  the  desoription  of  the  junction  of  the 
"  Levenehulme  Limestones  "  vfiih  the  Permian  "  Collyhurst  Sand- 
stone/' 


V. — Bbitibb  Fossil  Bibds. 

MB.  B.  LYDEEEEB  contributes  a  valuable  artide  on  British 
FossU  Birds  to  the  July  Number  of  "  The  Ibis,"  containing 
a  critical  summary  of  present  knowledge  of  the  subject  The  artide 
occupies  pp.  381-410  of  the  current  volume,  and  treats  in  succession 
the  birds  of  the  Superficial  Deposits,  those  of  the  Pliocene  Crags, 
those  of  the  Upper  Eocene  (Oligocene),  those  of  the  Lower  Eocene, 
and  the  few  fragments  from  the  Cretaceous.  The  researches 
undertaken  by  the  author  for  the  recently  published  "  Catalogue 
of  Fossil  Birds  in  the  British  Museum"  form  the  basis  of  the 
Memoir ;  and  it  constitutes  an  important  readable  addendum  to  the 
work  just  cited  (see  Beview  of  Catalogue  in  August  No.  p.  378). 

VL — "Pantobibliok:  Ah  Iktebnational  Bibuoobaphioal  Biviiw 
OF  THE  Wobld'b  Soibktifio  Litebatube."  Edited  by  A. 
Eebsha,  C.|i.  (St  Petersburg  and  London:  Swan  Sonnen- 
schein  &  Co.,  1891.) 

WE  have  received  the  first  number  of  this  new  monthly,  edited 
and  printed  in  St.  Petersburg,  and  to  be  obtained  in  England 
from  Messrs.  Swan  Sonnenschein  &  Co.  ,  Nearly  300  pages  are 
occupied  with  classified  lists  of  new  scientific  works  and  periodicals, 
some  of  which  are  briefly  reviewed.  Under  the  heading  **  Geology 
and  Mineralogy  "  we  find  recorded  several  Inaugural  Dissertations 
and  small  separate  publications  such  as  are  often  overlooked  by 
workers.  The  new  periodical  will  prove  most  valuable  to  all 
engaged  in  scientific  pursuits,  and  especially  to  those  dealing  with 
applied  science. 

VIL — MONOGBAPH  OP  THE  FoBBIL  SpBOIES  OF  Pristis.  [MONOOBAFIA 
DEI  PrtBtis  FOBSILI  CON  LA  DsSOBIZIOME  DI  UNA   NOVA  SpBGIE  DEL 

Calcabb  mtooenioo  DI  Lbgoe.]  By  Db.  Giovanni  Vigliabolo. 
Mem.  B.  Accad.  Sci.  Napoli,  [2]  vol.  iv.  append.  No,  3,  pp.  1-28, 
with  plate.     (1890.) 

AFTER  a  definition  of  the  genus  Pristis  and  a  partially  critical 
synopsis  of  all  known  species  determined  upon  the  evidence 
of  foBsils,  Dr.  Vigliarolo  proceeds  to  a  detailed  description  of  three 
fragments  of  a  rostrum,  from  the  Miocene  of  Lecce,  preserved  in  the 
Geological  Museum  of  the  Naples  University.  The  description  is 
illustrated  by  a  large  folding  plate,  and  justifies  the  recognition  of 
a  new  species,  Pristis  lyeeensis.  Sclerorhynehus  and  Propristis  are 
regarded  as  extinct  genera  of  PristidfB,  but  Amblypristis  is  considered 
to  be  merely  a  synonym  of  Pristis.  The  known  fossils  are  so  frag- 
mentary that  they  seem  to  be  scarcely  worthy  the  extended  treat- 
ment they  have  received  at  the  hands  of  the  author ;  but  the  result 
of  his  investigations  is  a  useful  epitome  of  our  present  knowledge  of 
the  subject. 
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QSOLOOIOAL  SOOIXTT  OF  LoNDON. 

June  24.  1891.— Sir  Arohibald  Geikie,  D.So.,  LL.D.,  F.B.8., 
PreAident,  in  the  Chair. — The  following  commanioations  were  read  : 

1.  "  On  WelU  in  West-Suffolk  Boulder-clay."  By  the  Eev.  Edwin 
Hill,  M.A.,  F.G.S. 

It  might  be  supposed  that  in  a  Boulder-day  district  water  could 
only  be  obtained  from  above  or  from  below  the  clay.  But  in  the 
writer's  neighbourhood  the  depths  of  the  wells  are  extremely 
different,  even  within  very  short  distances ;  and  since  the  clay  itself 
is  impervious  to  water,  he  concludes  that  it  must  include  within  its 
mass  pervious  beds  or  seams  of  some  different  material  which  com- 
municate with  the  surface.  It  would  follow  that  this  Boulder-clay 
is  not  a  uniform  or  a  homogeneous  mass. 

The  visible  sections  are  only  those  given,  at  hand  by  ditches,  and 
at  a  considerable  distance  north  and  south  by  pits  at  Bury  St. 
Edmunds  and  Sudbury.  The  appearances  in  these  harmonize  with 
that  conclusion.  Conclusion  and  appearances  differ  from  what  we 
should  expect  on  the  theory  that  this  Boulder-clay  was  the  product 
of  the  attrition  between  an  ice- sheet  and  its  bed. 

2.  ''  On  the  Melaphyres  of  Caradoc,  with  Notes  on  the  Associated 
Felsites."     By  Frank  Eutley,  Esq.,  F.G.8. 

Within  very  limited  areas  the  melaphyres  of  Caradoc  differ  con- 
siderably in  texture  and  in  structure,  some  having  once  been  basalt- 
glass  or  andesite-glass  (such  being  the  superficial  portions  of  a 
lava-stream) ;  others  have  possessed  a  certain  amount  of  interstitial 
glass,  which  has  subsequently  been  rendered  more  or  less  opaque  by 
the  development  of  magnetite,  while  at  times  it  appears  to  have 
been  converted  into  a  palagonitic  substance.  In  some  of  the  rocks 
the  crystalline  texture  is  very  fine,  in  others  comparatively  coarse. 
Near  the  summit  of  Caradoc  is  a  basalt-tuff  or  andesite-tuff. 

The  melaphyre  or  dolerite  of  Little  Caradoc  differs  from  the  lavas 
in  that  the  augite  remains  fresh  and  the  felspars  are  altered,  while 
in  the  lavas  of  Caradoc  proper  the  pyroxenic  constituent  is  decom- 
posed and  the  felspars  remain  as  a  rule  unaltered. 

Whether  the  melaphyre  of  Little  Caradoc  may  be  regarded  as 
a  neck  from  which  the  lavas  lying  to  the  south-west  of  it  emanated, 
is  a  point  which  can  only  be  demonstrated  by  further  field-work. 

The  author  considers  that  further  investigation  may  prove  beyond 
dispute  that  the  associated  felsites  are  rhyolites  of  which  the  original 
structures  have  as  a  rule  been  almost  entirely  obliterated.  In  an 
appendix  further  evidence  is  adduced  in  favour  of  the  original  rhyo- 
litic  nature  of  these  felsites,  and  a  fragmental  rock  from  Bowdler's 
Chair  is  described  as  unquestionably  a  rhyolite-tuff. 

3.  ''Notes  on  the  Geology  of  the  Tonga  Islands."  By  J.  J. 
Lister,  Esq.,  M.A.  (Communicated  by  J.  E.  Marr,  Esq.,  M.A., 
F.R.S.,  SecG.S.) 

The  islands  of  the  Tonga  group  are  situated  on  a  long  ridge 
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which  rises  frota  deep  water  on  either  side  to  within  a  thousand 
fathoms  of  the  surface  of  the  sea.  The  general  direction  of  the  ridge 
is  N.N.E.  and  S.S.W. 

(1)  A  line  of  volcanoes,  some  active,  some  extinct,  traverses  the 
group.  Continued  southward,  the  direction  of  the  line  passes  through 
the  volcanoes  of  the  Eermadeo  group,  and  those  of  the  Taupo  zone 
of  New  Zealand ;  while  to  the  north  it  cuts  the  line  of  the  Samoan 
volcanoes  at  right  angles, 

(2)  Besides  the  purely  volcanio  islands  there  are  some  formed  by 
submarine  eruptions,  whose  layers  have  been  laid  out  under  water 
and  since  elevated,  with  or  witibout  a  covering  of  limestone. 

(3)  The  remaining  islands  are  formed  entirely  of  limestone. 

Eua  is  an  example  of  the  second  group.  The  volcanic  basis  con- 
sists for  the  most  part  of  beds  laid  out  beneath  the  sea,  and  some  of 
the  upper  ones  contain  pelagic  shells.  Dykes  of  augite  and  hyper- 
sthene-andesite  project  on  the  shore,  and  a  representative  of  the 
plutonic  series  occurs.  There  is  evidence  that  the  island  has  been 
elevated  and  again  submerged  prior  to  the  elevation  which  has  raised 
it  to  the  present  height  The  volcanic  basis  is  largely  invested  with 
limestone,  and  this  rock  forms  the  summit  1078  feet  above  sea-level. 
Sections  show  that  it  is  a  shallow-water  deposit. 

Of  the  purely  limestone  structures,  Tongatabu,  Nomuka,  and  the 
long  reef  on  which  the  larger  islands  of  the  Hapaii  group  are 
situated,  form  more  or  less  complete  atolls,  all  of  which  have  been 
elevated  to  a  greater  or  lesser  extent 

The  Vavau  group  is  remarkable  for  its  very  indented  contour, 
suggesting  the  idea  that  it  rests  on  a  much  denuded  basis.  Both 
here  and  at  Eua  there  are  raised  limestone  formations  with  atoll  or 
barrier-like  contours;  and  there  is  some  direct  evidence  to  show 
that  these  have  been  formed  without  the  aid  of  subsidence. 

The  presence  of  islands  formed  of  volcanio  materials  laid  out  in 
layers  beneath  the  sea,  and  the  manner  in  which  the  recently  formed 
Falcon  Island  is  now  being  reduced  to  the  condition  of  a  submarine 
bank,  suggests  that  the  atolls  of  the  group  may  rest  on  similarly 
formed  foundations. 

4.  ''On  the  Inverness  Earthquakes  of  November  15th  to  De- 
cember 14th,  1890."  By  C.  Davison,  Esq.,  M.A.  (Communicated 
by  Prof.  Charles  Lapworth,  LL.D.,  F.B.S.,  F.G.S.) 

In  this  paper  the  author  gives  reasons  for  supposing  that  the 
Inverness  earthquakes  of  last  year  were  due  to  the  subsidence  of  a 
great  wedge  of  rock  included  between  a  main  fault  and  a  branch 
one ;  and  he  considers  that  there  is  little  doubt  that  these  recent 
earthquakes  were  the  transitory  records  of  changes  that,  by  almost 
indefinite  repetition  in  long  past  times,  have  resulted  in  the  great 
Highland  faults. 

The  next  meeting  of  the  Society  will  be  held  on  Wednesday, 
November  11th,  1891. 
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THE  SUPPOSED  DICYNODONT  FROM  THE  ELGIN  TRIAS. 
Sib, — At  the  meeting  of  tbe  British  Association  at  Aberdeen  in 
1885,  much  interest  was  excited  by  the  alleged  discoveiy  of  Dieputdtm 
in  the  Triassio  sandstones  of  Elgin.  Prefessor  Judd  stated  his 
belief  in  the  specimen  at  the  time  {**  Natare,"  Oct.  15, 1885,  p.  573), 
and  said  that  the  specimen  was  in  the  hands  of  Dr.  Traquair.  In 
Woodward  and  Sherbom*s  "Catalogue"  (1890)  I  notice  ihm 
anthorities  place  a  (?)  before  the  reference,  thus  indicating  the 
doubtful  nature  of  ^e  find,  while  Lydekker  in  voL  ii.  **  Maniul 
of  Palsdontology  "  does  not  even  refer  to  it  Are  we  to  interpret 
Dr.  Traquair's  six  years'  silence  as  a  withdrawal  of  the  original 
determination  ?  When  an  important  discovery  has  been  announced, 
it  seems  only  just  that  the  geological  public  should  hear  more  abont 
it,  and  this  practice  of  throwing  out  vague  and  unsatisfactory  state- 
ments is  very  annoying  to  those  who  prefer  exact  information  and 
rather  disparaging  to  the  discoverer,  who  naturally  expects  so 
great  a  find  to  be  worthy  of  notice.  G.  Bopxb. 

ON  DYNAMO-METAMORPHISM. 

Sm, — I  think  Dr.  Irving  has  not  quite  understood  the  reasoning 
in  my  short  article  on  Dynamo-metamorphism  of  a  year  ago.  I 
wrote,  that  the  part  of  the  work  of  compression  expressed  by  the 
product  (P—  W)  to,  where  P  is  the  compressing  force  upon  a  cubic 
element  of  the  disturbed  mass,  W  the  weight  of  the  cover,  and  w 
the  height  through  which  the  cover  has  been  lifted,  was  employed 
in  bending  and  breaking  the  rock  and  overcoming  friction,  and  that, 
since  this  part  of  the  eneigy  is  not  reconvertible  into  mechanical 
work,  it  must  take  the  forms  of  heat  and  chemical  action.  He  thinks 
this  ''  last  term  is  surely  outside  the  others  altogether  "  ;  that  is,  I 
suppose,  is  employed  upon  the  rock  external  to  the  portion  of  it 
under  consideration.  But  the  expression  is  not  very  clear,  though 
his  illustration  in  the  note  (p.  800)  seems  to  show  that  such  is  Us 
meaning.  He  says  there  that,  if  a  horse  or  engine  draws  a  series  of 
loaded  trucks  along  a  perfectly  horizontal  line  of  rails,  '*  work  is  done 
in  overcoming  the  friction  of  the  wheels  against  their  axles  and  against 
the  rails,  and  in  the  displacement  of  a  portion  of  the  atmosphere 
with  the  movement  of  the  train ;  but  would  any  one  contend  that 
energy  was  stored  up  in  the  train  ?  " 

Energy  of  motion  is  so  obviously  stored  up  in  the  train  that  Dr. 
Irving  cannot  refer  to  that  He  must  refer  to  the  energy  imparted 
to  the  atmosphere,  and  to  the  energy  absorbed  by  friction,  which 
last  is  distributed  between  the  trucks  and  the  rails.  The  energy 
communicated  to  the  air  is  ''  outside  *'  the  other  effects,  and  so  is  the 
energy  absorbed  by  the  rails.  But  the  energy  absorbed  by  the 
friction  of  the  wheels  against  their  axles  is  partly  converted  into 
heat,  and  is  partly  employed  in  producing  a  molecular  change  in  ihe 
iron,  rendering  it  more  granular  and  liable  to  fracture.  I  should 
consider  this  a  case  of  dynamo-metamorphism.     Still  it  appears  to 
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me  that  the  illustration  is  not  apt  The  amoant  of  work  to  whieh 
I  refer  mast  be  expended  on  bending  and  breaking  the  pariieular 
fMkse  of  rook  under  oonsideration,  and  in  shearing  the  parts  of  it 
past  one  another,  and  not  on  the  rook  outside  of  it  Henoe  the 
energy  which  is  its  equivalent  has  been  introduced  into  the  mass ; 
and,  energy  being  indestructible,  none  of  it  is  lost,  and  there  is 
now  more  energy  in  the  mass  than  there  was  before.  The  question 
which  I  proposed  was  simply,  what  form  does  that  energy  take  ? 
Is  it  heat  ?  or  is  it,  as  I  (perhaps  rashly)  enquired,  chemical  energy  ? 

Dr.  Irving  says  that  both  Mr.  Harker  and  myself  have  overlooked 
the  one  great  factor  of  metamorphism,  viz.  superheated  water.  I  do 
not  think  we  either  of  us  proposed  to  discuss  all  the  causes  of  meta- 
morphism,  but  only  the  mechanical.  O.  Fisseb. 

Haslton,  Cambbidob,  11  July^  1891. 

DTNAMO-METAMOSPHISIC  AGAIN. 

Sir, — A  short  space  will  suffice  for  what  I  have  to  say  in  reply 
to  Dr.  Irving  (p.  296).  I  am  sorry  to  have  misunderstood,  or,  as 
he  phrases  it '  misrepresented,'  him  as  assuming  that  the  whole  of 
the  work  passes  into  heat.  I  am  not  sure  that  even  now  his  position 
is  clear  to  me.  His  dictum  "  chemical  combination  must  generate 
heat "  is  intelligible,  though,  as  Mr.  Fisher  has  pointed  out,  by  no 
means  universally  accepted  by  chemists;  but  simple  combination 
does  not  cover  any  of  the  chemical  changes  that  characterize  the 
metamorphism  of  rooks.  These  are  "  much  more  complex,'*  and  if 
Dr.  Irving  believes  that  in  these  cases  there  is  always,  on  the 
balance,  a  positive  amount  of  heat  generated,  he  believes  that  for 
which  no  proof  whatever  is  o£fered. 

It  is  possible  that  some  of  the  differences  between  Dr.  Irving  and 
myself  would  resolve  into  a  question  of  words,  if  his  language  were 
more  intelligible  to  me ;  but  unfortunately  his  usage  of  physical 
terms  often  bears  no  relation  to  the  definitions  in  use  among  physicists. 
**  Intensity  of  heat "  seems  to  mean  temperature,  but  what  are  we 
to  make  of  the  expression  (used  in  taxing  another  correspondent  with 
confusion  of  thought)  <*the  energy  is  presented  in  the  mechanical 
form  of  pressure  "  ?  The  simple  word  '  deformation '  also  appears 
to  be  employed  in  some  occult  sense. 

The  experiments  of  Cailletet  and  Pfaff  which  I  cited  are  the 
same  as  those  referred  to  in  the  "  Eeport  on  Slaty  Cleavage  "  mentioned 
by  Dr.  Irving.  They  seem  to  establish  that  increased  pressure 
retards  chemical  changes  involving  a  diminution  of  density,  while 
Spring's  researches  tend  to  show  that  pressure  assists  changes  in- 
volving an  increase  of  density.  The  two  conclusions  appear  to  me 
not  contradictory,  but  complementary  parts  of  one  law.  As  regards 
Spring's  experiments,  Dr.  Irving  has  ludicrously  misunderstood  me 
v^hen  he  implies  that  I  deny  the  generation  of  heat  by  friction 
during  the  compression.  What  I  said  was  that  the  heat  so  generated 
-was  carefully  removed  (by  conduction).  As  Major-General  McMahon 
points  out  (at  p.  90  of  this  volume),  M.  Spring  himself  seems  to 
Lave  changed  his  views  as  regards  the  significance  of  his  work,  but 
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the  published  details  of  his  experiments  leave  others  free  to  draw 
their  own  conclusions  from  them.  Eroustchoff's  interesting  syn- 
thetic production  of  hornblende  and  other  minerals  do  not  seem  to 
throw  any  new  light  on  the  problems  in  hand. 

Alfbed  Habkeb» 

DANIEL    MACKINTOSH,    F.Q.S, 

BOBN  1815.     DiBD  19  JULT,   1891. 

We  regret  to  announce  the  death  of  Mr.  Daniel  Mackintosh,  F.G.S., 
who  was  bom  in  the  memorable  year  1815,  at  Blairgowrie,  in  Perth- 
shire, where  his  father  had  a  mill  worked  by  water-power.  Imbued 
with  an  early  love  of  Natural  Science,  he  left  Scotland  when  about 
80  years  of  age.  For  many  years  he  was  a  lecturer  on  Scientific 
subjects  and  well  known  in  the  south  of  England,  where  he  lectured 
at  various  public  institutions  and  schools  on  Astronomy,  G^eology, 
Physical  Geology  and  Ethnology  with  considerable  success.  His 
manner  as  a  lecturer  was  clear  and  spirited,  and  aroused  an  interest 
in  the  sabjects  of  which  he  treated. 

Mr.  Mackintosh  was  elected  a  Fellow  of  the  Geological  Society  in 
1861,  and  contributed  his  first  paper  on  '' Terminal  Curvature  "  in 
1867,  and  afterwards  numerous  papers  to  the  Society  on  Surface 
Sculpture,  Denudation,  Drift  Deposits  and  the  Dispersion  of  Erratic 
Blocks.  Many  of  his  papers  are  in  the  **  Reports  of  the  British 
Association,"  and  the  '*  Proceedings  "  of  Societies  of  which  he  was 
a  member.  He  was  a  frequent  contributor  to  the  Oeologioal 
Magazine,  and  other  scientific  publications. 

In  1869  Mr.  Mackintosh  produced  his  work  on  ''The  Scenery  of 
England  and  Wales,"  in  which  he  favoured  the  action  of  the  sea  as 
the  greatest  denuding  agent,  and  it  is  illustrated  by  86  sketches  of 
geological  interest.  He  received  four  successive  grants  in  aid  of 
Original  Scientific  Besearch,  from  the  Government  Grant  of  the 
Eoyal  Society.  In  1881,  he  was  presented  with  the  Eingsley 
Memorial  Medal  of  the  Chester  Society  of  Natural  Science,  and  in 
1886  was  awarded  the  proceeds  of  the  balance  of  the  Lyell  Fund  by 
the  Geological  Society,  in  recognition  of  his  studies  of  the  Glaci^ 
and  other  Superficial  Deposits  of  the  north-west  of  England. 

About  20  years  ago  Mr.  Mackintosh  went  to  reside  at  Chester, 
but  a  few  years  after  he  settled  in  Birkenhead,  and  was  president  of 
the  Liverpool  Geological  Society  during  1881-3.  In  recent  years 
he  devoted  much  time  to  the  examination  of  the  Drift  Deposits  and 
Boulders  of  North  Wales,  and  during  his  last  exploration  ascended 
Cader  Idris  when  nearly  70  years  of  age.  Soon  after  he  began  to 
fail  in  both  mind  and  body,  and  died  on  the  19th  of  July  last,  and 
his  remains  now  rest  in  Flaybrick  Cemetery,  Birkenhead,  close  to 
the  glaciated  areas  he  so  frequently  visited  and  described.  His 
papers  on  the  Glacial  Deposits  will  hold  a  permanent  place  in  geo- 
logical literature,  and  he  will  be  remembered  for  his  kind  and  gentle 
disposition  by  all  who  came  in  contact  with  him. — G.  H.  M. 
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L — On  thb  Origin  and  Mode  of  Fobmation  of  thb  Conobetions 

IN   THE   MaGNESIAN  L1UE8TONE8  OF  DUBUAK. 

By  £.  J.  Garwood,  B.A.,  F.6.S. 
(PLATES  XII.  AND  XIII.) 

IN  1826,  27,  and  28,  Prof.  Sedgwick  oontributed  to  the  Geological 
Society  of  London  his  classical  papers  on  the  Magnesian 
Limestone  of  the  East  of  England,^  in  which  he  describes  in  detail 
the  concretionary  structures  which  occur  in  many  of  the  beds  of  this 
formation  in  Durham. 

Although  he  describes  these  concretions  in  minute  detail,  he  says 
but  little  as  to  their  probable  origin,  but  it  is  clear  that  he  regarded 
them  as  composed  of  carbonate  of  lime  derived  from  the  beds  in 
which  they  occur,  when  he  says — "  The  particles  (of  lime),  after 
deposition,  appear  to  have  run  into  lumps  and  masses  more  or  less 
crystalline,  rejecting  great  portions  of  the  earthy  residuum." '  Since 
Prof.  Sedgwick's  papers  little  seems  to  have  been  contributed  to  the 
anbjeot  of  the  mode  of  formation  of  these  concretions. 

Two  opposite  opinions  are  held  with  regard  to  the  proximate 
source  of  the  carlK)nate  of  lime : — One  to  the  effect  that  the  lime 
was  introduced  into  the  concretionary  bed  subsequent  to  its  forma- 
tion, in  solution  from  without;  the  other  that  it  was  deposited 
contemporaneously  and  subsequently  segregated  out  in  situ. 

The  latter  opinion  is,  we  believe,  that  generally  held,'  though 
there  are  some  who  advocate  the  former,  which  may  be  called  **  the 
Stalactitic"^  theory. 

Looking  at  the  Magnesian  Limestone  series  as  a  whole,  many  of 
the  ooDcretionary  structures  appear  as  if  they  might  have  been  formed 
in  the  stalactitic  manner  supposed ;  but  when  the  individual  beds 
containing  the  concretions  are  studied  in  detail,  they  are  found  to 
present  many  points  which  appear  irreconcilable  with  the  theory  of 
their  stalactitic  origin. 

The  locality  where  these  beds  can  be  most  satisfactorily  examined 

^  Prof.  Sedgwick,  '*  On  tlie  Geological  Relations  and  Internal  Structare  of  the 
Magnesian  Limestone,"  Trans.  Geol  8oc.  London,  2nd  series,  vol.  iii.  1836. 

*  Op.  eit.  p.  89. 

>  Prof.  Green,  Physical  Geology,  p.  279 ;  Geikie,  Textbook  of  Geology,  18S5, 
p.  472. 

*  B.   Howse,   **  On  the  Stalactitic  Origin  of   Conglobated   Strnctores  in  the 
Jf agnesian  Limestone,"  Tyneside  NatnraUsts'  Field-dab,  October,  1889. 
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is  at  Marsden  quarries  on  the  ooast  of  Dnrbam,  between  Sunderland 
and  South  Shields,  where  masses  of  stratified  limestone  are  inter- 
bedded  with  marls  containing  concretions  in  every  stage  of  de- 
velopment. Where  fully  developed,  the  concretions  assume  a 
spherical  form,  and  are  sometimes  as  much  as  1  to  2  feet  in 
diameter,  the  average  size  being  from  3  to  6  inches.  They  are 
composed  of  fibrous  crystals  of  calcite  radiating  symmetrically 
from  the  centre,  which  frequently  consists  of  a  valve  of  Asdnus 
dvbius  or  Myalina  Hausmanni.  (See  Plate  XII.  Fig.  1.)  Very 
often,  however,  the  centre  is  composed  merely  of  a  small  cavity. 

These  concretions  occur  in  irregular  masses  20  to  30  feet  thick, 
showing  here  and  there  rough  stratification,  and  often  passing 
laterally  into  well-bedded  limestone.  Many  of  the  larger  specimens 
show  well-marked  concentric  bands  developed  at  regular  intervals. 

The  concretions  are  piled  on  one  another  with  but  scant  matrix 
between ;  chemically  they  consist  of  91  to  95  per  cent,  of  carbonate 
of  lime  and  1*5  to  4  per  cent,  of  magnesia. 

It  is  difficult  to  see  how  such  masses  of  limestone  could  have  been 
formed  by  infiltration  from  beds  above.  Where  are  the  beds  into 
which  the  carbonate  of  lime  dripped  during  the  formation  of  the 
concretions  ?  If  we  suppose  these  concretions  to  have  been  formed 
from  carbonate  of  lime  introduced  in  solution  from  an  overlying 
bed  subsequent  to  the  consolidation  of  the  deposit  in  which  they 
occur,  then  the  original  bed,  now  replaced  by  concretions,  must 
have  disappeared.  But  this  bed  would  originally  contain  20  to  30 
per  cent,  of  magnesia,  which  must  have  been  subsequently  dissolved 
out;  yet  it  is  hardly  likely  that  water  which  was  saturated  with 
carbonate  of  lime  would  dissolve  out  carbonate  of  magnesia  the  less 
soluble  salt  of  the  two,^  and  we  cannot  suppose  that  the  magnesia  bed 
was  dissolved  out  first,  leaving  an  enormous  cavity  into  which  the 
carbonate  of  lime  afterwards  dripped,  forming  around  shells  sus- 
pended in  some  mysterious  manner ;  the  symmetrical  development 
of  the  concretions  also,  which  is  as  perfect  vertically  upwards  from 
the  nucleus  as  it  is  laterally  and  vertically  downwards,  seems  to 
preclude  the  possibility  of  their  having  been  formed  in  a  previously- 
solidified  rock-mass. 

Again,  the  shells  forming  the  nucleus  of  the  concretions  are  often 
in  beautiful  preservation,  which  is  hardly  likely  to  have  been  the 
case  if  they  had  lain  in  a  porous  bed  exposed  to  the  action  of 
infiltrating  waters,  while  in  those  cases  where  the  centres  are  hollow 
it  is  impossible  for  the  carbonate  of  lime  trickling  through  the 
beds  in  solution  to  have  crystallized  out  round  a  cavity,  whereas  we 
can  easily  imagine  the  centre  to  have  originally  consisted  of  an 
organic  body  in  the  sediment  which,  serving  as  the  nucleus  round 
which  concretionary  action  was  set  up,  afterwards  decomposed. 

But  it  is  in  the  beds  containing  immature  concretions  in  various 
stages  of  growth  that  the  strongest  arguments  against  the  formation 
of  the  concretions  by  stalactitic  action  are  supplied. 

1  flardman,  Carbonif.  Dol.  of  Ireland,  Proo.  Koy.  Irish  Acad.  Yol.  ii  ser.  2,  1877. 
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These  becia  oonsist  of  friable  yellow  marl,  in  which  are  imbedded 
hard  sphsdroidal  oonoretions  often  much  flattened.  The  concretions 
consist  of  85-95  per  cent  of  carbonate  of  lime,  and  6  to  12  per  cent 
of  magnesia,  while  the  matrix  often  contains  as  much  as  50  parts  of 
magnesia  on  100  of  carbonate  of  lime. 

The  beds  are  markedly  stratified,  the  lines  of  bedding  passing 
unintermptedly  through  matrix  and  concretions  alike.  (See  PL  X  III. ) 

This  fact  was  first  noticed  by  Prof.  Sedgwick,  and  it  is  perhaps 
the  strongest  argument  in  favour  of  what  we  may  call  the  *  Segre- 
gation' theory.  The  advocates  of  the  *  Stalactitic '  theory  refer 
these  lines  of  stratification  in  the  concretions  to  lines  along  which 
the  carbonate  of  lime  spread  out  when  dripping  from  above  in 
solution ;  but  this  does  not  account  for  the  individual  lines  of 
bedding  passing  uninterruptedly  from  matrix  to  concretion,  nor 
does  it  account  (if  the  formation  is  still  supposed  to  be  taking 
place)  for  the  fact  that  where  the  beds  dip  at  a  considerable  angle, 
the  lines  in  the  concretions  are  still  parallel  to  the  general  bedding 
of  the  rock,  not  parallel  to  the  horizon,  as  would  be  the  case  if 
they  were  being  formed  up  to  the  present  day  by  infiltration. 

These  flattened  concretions  contain  numerous  small  i^hells  dis- 
seminated through  them,  notably  PUuropterus  costatus  and  Turbo 
helicinttB,  whereas  these  appear  to  be  altogether  absent  from  the 
matrix.  This  we  should  expect  according  to  the  'Segregation' 
theory,  the  shells  being  the  nucleus  round  which  the  carbonate  of 
lime  segregated,  and  any  fossils  remaining  in  the  matrix,  which 
is  extremely  porous,  would,  after  the  solidification  of  the  bed,  be 
readily  dissolved  out  by  subsequent  infiltration,  whilst  those  em- 
bedded in  the  concretions  would  be  protected  by  their  impervious 
covering  of  hard  limestone. 

These  fossils  are  frequently  found  projecting  from  the  sides  of  the 
concretion  along  lines  of  bedding,  in  the  same  way  that  one-half  of 
a  sponge  spicule,  or  other  organic  body,  is  found  embedded  in  a 
flint,  while  the  other  half  projects  into  the  surrounding  chalk. 

It  is  difficult  to  account  for  the  presence  of  fossils  in  these 
flattened  concretions  if  we  assume  their  stalactitio  origin,  as  we 
cannot  suppose  them  to  have  been  introduced  in  solution,  and  to 
have  reformed  as  fossils  on  the  solidification  of  the  concretion. 

Turning  now  to  the  chemical  side  of  the  question.  It  had  been 
hoped  that  a  detailed  chemical  investigation  of  these  beds  would 
have  conclusively  proved  by  which  of  the  two  processes  under  con- 
sideration these  concretions  had  been  formed.  For  supposing  the 
average  analysis  of  the  beds  containing  concretions  to  have  agreed 
with  the  analysis  of  beds  containing  no  concretions,  we  should  have 
been  justified  in  concluding  that  the  carbonate  of  lime,  of  which 
the  concretions  are  mainly  composed,  had  not  been  introduced  from 
overlying  beds  in  solution,  but  had  been  originally  deposited  as  part 
of  the  bed  in  which  they  are  now  found ;  but  the  complicated  nature 
and  variable  chemical  composition  of  the  different  beds  of  the  series 
cause  the  evidence  so  afforded  to  be  less  certain  than  had  been  hoped, 
although  the  results  are  by  no  means  valueless  in  this  connexion. 
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The  great  drawback  to  the  evidenoe  is  the  very  variable  com- 
position of  those  beds  in  which  no  concretions  are  developed,  and 
the  difficulty  of  selecting  a  bed  or  beds  representing  the  original 
composition  of  the  deposit,  as  regjurds  the  relative  quantities  of 
carbonate  of  magnesia  and  carbonate  of  lime  present.  In  the  annexed 
table  are  given  average  analyses  of  concretionary^  stratified,  and 
compact  magnesian  beds : — 


I.                       II.                 III.             IV.                V. 

Matrix. 

Concretions. 

Average  of 
I.  an«i  11. 

OTg^g 

Boker  Ciift. 
100  feet. 

Carb.  lime  „. 
Silicate  

46-07   10000 

2*03 
30-68     66*74 

1-62 
16-68 

3-00 

86-14  100-00 
•26 
9-6       11*0 

1    ^'® 
1-98 

69*43  100 

1*60 
23*62    40 

12-60 

2-6 

86-78  100 

•09 
6-6    7*6 
2*0 
3*16 
2*10 

69-81  100 
26-06  43 
14*13 

Carb.  Magn.... 
Peroxide  Iron 

Alamina    

Insol.  in  Ha. 

99-88 

99-68 

99-66 

99-62 

100-00 

Column  I.  gives  an  average  of  12  analyses  of  the  matrix  which 
are  each  tested  from  15  samples,  the  composition  shown  being  thus 
the  average  of  180  samples.  In  th^  same  way  Column  II.  shows 
the  average  composition  of  180  samples  of  the  concretions. 

The  bed  selected  for  examination  is  that  shown  in  the  photograph, 
(Plate  XIIL),  which  extends  for  some  12  to  15  feet  in  a  downward 
direction.  It  will  be  seen  that  whereas  the  matrix  contains  66,  the 
concretions  only  contain  11  parts  of  magnesia  to  100  parts  of  lime. 

The  overlying  bed  (No.  IV.  of  the  Table)  is  a  well-bedded  lime- 
stone, which  forms  the  surface  beds  in  this  district,  and  if  the  con- 
cretions had  been  formed  stalactiticallyi  it  is  from  this  bed  that  the 
lime  must  have  been  derived ;  but  the  bed  shows  no  honeycombed 
appearance,  and  is  one  of  the  most  compact  members  of  the  series. 
This  overlying  bed,  which  is  20  to  30  feet  thick,  is  itself  thoroughly 
concretionary  in  its  structure,  although  on  a  minute  scale,  on  the 
type  of  the  globular  concretions  which  overlie  and  pass  into  it,  and 
if  the  lime  forming  the  concretions  is  to  be  regarded  as  derived 
from  infiltration,  the  whole  of  this  upper  bed  must  then  have  been 
formed  in  like  manner,  for  we  cannot  fix  an  arbitrary  size  of  con- 
cretion and  declare  that  all  those  larger  than  this  size  were  formed 
by  infiltration  and  all  those  smaller,  although  of  exactly  similar 
structure,  represent  the  bed  as  originally  deposited.  Since  then  the 
beds  immediately  overlying  our  concretionary  bed  are  also  con- 
cretionary, we  cannot  consider  them  as  representing  (according  to 
the  stalactitic  theory),  the  original  deposit,  and  we  cannot  use  them 
therefore  for  instituting  a  chemical  comparison  with  the  typical 
concretionary  beds.  If,  however,  we  go  to  higher  beds,  omitting 
those  which  have  concretionary  limestone  interbedded  with  them,  we 
find  at  Roker  a  massive  bed  nearly  100  feet  thick ;  its  composition, 
as  given  by  Messrs.  Browell  and  Kirkby,*  is  shown  in  Column  V. 
of  our  Table. 
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In  order  to  oompare  the  composition  of  this  hed  with  that  of  our 
bed  of  concretions,  we  must  obtain  the  average  composition  of  the 
latter,  and  to  do  this  we  must  determine  the  relative  proportions  of 
concretions  and  matrix  present.  Numerous  estimates  along  the 
exposure  give  roughly  2  of  matrix  to  1  of  concretions  as  the  approxi- 
mate proportions,  and  working  this  out  (Column  III.  of  the  Table), 
it  gives  us  40  parts  of  magnesia  to  every  100  parts  of  carbonate  of 
lime,  which  will  be  found  to  agree  very  closely  with  the  analysis 
of  the  Roker  bed,  which  gives  43  parts  of  magnesia  to  100  of 
carbonate  of  lime. 

This  entirely  confirms  the  theory  that  the  lime  composing  the 
concretions  was  derived  from  the  beds  in  which  they  occur,  and  was 
not  introduced  subsequent  to  their  deposition.  We  must,  however, 
frankly  acknowledge  that  there  are  two  uncertain  factors  in  this 
comparison,  namely,  the  difficulty  of  arriving  at  an  exact  estimate 
of  the  relative  proportions  of  matrix  and  concretions,  and  the  some- 
what arbitrary  selection  of  the  bed  with  which  they  are  compared ; 
as,  however,  great  importance  has  been  attached  to  a  detailed 
chemical  investigation  of  these  beds,  we  give  the  results  of  our 
work  in  this  direction,  which  confirm,  as  far  as  they  go,  what  we 
have  before  alluded  to  as  the  '  Segregation '  theory. 

There  is,  however,  other  evidence  in  this  direction  derived  from 
a  study  of  the  chemical  composition  of  the  concretions,  namely,  the 
presence  in  them  of  magnesia  and  insoluble  matter. 

The  amount  of  magnesia,  which  is  sometimes  as  much  as  12  per 
cent.,  varies  considerably  in  different  concretions  in  the  same  bed, 
analyses  of  two  concretions  lying  a  few  feet  apart  yielding  in  one 
case  2*3,  and  in  the  other  6*3  per  cent  If  the  concretions  had 
been  deposited  from  percolating  water,  it  is  difficult  to  see  why  the 
water  should  vary  at  the  distance  of  a  few  feet  in  the  amount  of 
magnesia  it  contained,  whereas  on  the  segregation  theory  we  should 
expect  the  amount  of  impurities  imprisoned  during  the  process  to 
vary  from  point  to  point,  and  it  is  still  more  difficult  to  account  for 
the  presence  of  insoluble  matter,  which  is  usually  about  2  per  cent, 
and  in  one  specimen  amounts  to  as  much  as  8*5  per  cent  of  the 
concretion. 

The  last  argument  against  the  stalactitic  origin  of  this  deposit 
that  we  have  to  bring  forward  is  the  fact  that  large  quantities  of 
calcite  occur  in  these  beds  which  have  undoubtedly  been  formed  by 
stalactitic  action.  They  consist  of  pure  white  fibrous  calcite,'  and 
contain  no  magnesia  or  insoluble  matter,  they  line  cavities  and 
cracks,  and  fill  in  the  interstices  between  the  concretions,  often 
coating  their  surfaces  to  the  thickness  of  an  inch,  and  roughly 
modelling  themselves  on  their  external  shape.  These  deposits,  which 
here  and  there  attain  a  thickness  of  5  to  6  inches,  can  be  traced  to 
joints  in  the  overlying  beds  through  which  the  carbonate  of  lime 
has  undoubtedly  obtained  access  in  solution,  the  walls  of  the  joints 

1  Browell  and  Eirkby,  on  "The  Magnesian  Limestone  of  Darham,"  Nat  Hist. 
Trans,  of  Northumberland  and  Durham,  toI  L  pt  2. 
>  Not  aragonite,  as  often  described  locally. 
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being  lined  with  a  similar  deposit.  Figs.  3  and  4,  on  Plate  XXL,  show- 
concretions  coated  with  it.  In  many  cases  (Fig.  4)  the  caloite  has  begun 
to  replace  the  original  concretion,  or  perhaps  add  to  its  original  mass, 
bat  this  replacement  is  limited  to  about  a  quarter  of  an  inch  on  the 
surface,  and  it  never  penetrates  far,  except  when  it  fills  cracks  in 
the  concretion.  It  is  obvious,  then,  that  it  is  either  replacing  the 
concretion  from  without  inwards,  or  is  forming  on  the  surface  of 
previously  existing  concretions,  and  its  secondary  nature  is  quite 
unmistakeable. 

Summary, — We  can  then  sum  up  the  evidence  against  the  stalaotitio 
origin  of  these  concretions  under  the  following  heads : — 

I.  StratigraphicaL — (a)  The  marked  stratified  condition  of  these 
beds  as  a  whole,  which  would  to  a  large  extent  have  been  obliterated 
by  the  copious  infiltration  necessary  for  the  formation  of  the  concre- 
tionary structures. 

(b)  The  uninterrupted  passage  of  the  lines  of  bedding  through 
matrix  and  concretions  alike. 

(c)  The  enormous  thickness  of  some  of  the  concretionary  limestones. 

(d)  The  fact  that  the  concretions  occur  only  in  the  Upper  Magnesian 
Limestone,  which  is  overlaid  by  the  Triassic  Marls  and  Sandstones, 
a  deposit  containing  originally  probably  but  little  carbonate  of  lime. 

(e)  The  fact  that  the  concretions  are  confined  to  the  Magnesian 
Limestone  series. 

II.  Evidence  from  fossils, — (a)  The  occurrence  of  shells  in  the 
centre  of  the  radial  concretions. 

(()  The  occurrence  of  cavities  at  the  centre,  probably  originally 
occupied  by  organic  matter. 

(c)  The  wonderful  state  of  preservation  of  shells  occurring  in  these 
ooncretions  and  the  almost  total  absence  of  fossils  from  the  earthy 
matrix. 

III.  Chemical. — (a)  The  great  similarity  in  composition  between 
the  concretionary  bed  as  a  whole,  and  the  massive  beds  higher  in  the 
series  which  contain  no  concretions,  with  reference  to  the  relative 
amounts  of  carbonate  of  magnesia  and  carbonate  of  lime  that  they 
contain.  Showing  that  it  is  unnecessary  to  assume  the  introduction 
of  extra  carbonate  of  lime  from  beds  above. 

(6)  The  variable  amount  of  magnesia  in  contiguous  concretions. 

(c)  The  presence  in  the  concretions  of  a  considerable  quantity  of 
insoluble  material. 

(d)  The  presence  of  calcite  in  these  beds  which  has  undoubtedly 
been  deposited  by  stalactitic  action  and  which  in  appearance,  com- 
position, and  behaviour  is  so  dissimilar  to  these  concretions. 

Having  shown  that  the  carbonate  of  lime  of  the  concretions  has 
in  all  probability  been  derived  from  the  beds  in  which  the  concre* 
tions  occur,  we  should  like  to  add  a  few  words  as  to  the  manner  in 
which  they  appear  to  have  been  produced. 

That  some  of  the  carbonate  of  lime  disseminated  through  the 
deposit  was  abstracted  from  the  general  mass,  and  segregated  round 
de6nite  centres  of  attraction,  is  doubtless  true,  and,  as  Prof.  Green 
remarks,  we  may  give  to  this  process  a  name  of  its  own  and  call  it 
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"  Concretionary  Action/'  but  it  does  not  enable  ua  any  better  to 
realize  the  immediate  cause  of  the  process,  or  to  understand  the 
manner  in  which  it  was  brought  about.  With  regard  to  the  first  part 
of  the  problem,  namely,  the  cause  of  the  segregation,  the  following 
considerations  may  throw  a  little  light  on  the  subject 

The  concretionary  beds  are  usually  crowded  with  fossils,  and  it  is 
round  these  fossils  that  the  carbonate  of  lime  has  segregated  out ; 
they,  together  with  other  foreign  bodies  (probably  for  the  most  part 
organic  particles,  and  now  represented  by  cavities),  were  the,  so 
to  speak,  chemical  magnets  which  attracted  to  themselves  the 
available  carbonate  of  lime. 

The  Roker  beds,  on  the  other  hand,  which  are  quite  unfossiliferous 
but  are,  as  shown  above,  approximately  identical  in  composition, 
contain  no  concretions. 

It  might  be  urged  against  this  that  the  Middle  Limestone,  which 
contains  the  most  numerous  assemblage  of  fossils  in  the  whole 
system,  has  developed  no  concretions;  but  those  beds  contain  a 
relatively  laige  proportion  of  carbonate  of  magnesia  to  carbonate 
of  lime,  which,  as  we  are  about  to  point  out,  seems  also  to  have 
influenced  the  decision  as  to  whether  a  certain  bed  should  or  should 
not  develope  concretions. 

The  presence  of  carbonate  of  magnesia  in  the  unconsolidated 
deposit  appears  up  to  a  certain  point  to  have  assisted  the  segregation 
of  carbonate  of  lime;  but  when  the  quantity  of  magnesia  present 
reached  over  30  per  cent,  it  has  prevented  this  segregation  from 
taking  place,  except  in  small  local  patches.  On  the  other  hand,  in 
those  beds  which  are  composed  of  almost  pure  carbonate  of  lime, 
the  concretionary  structure  is  only  developed  in  a  minute  form 
throughout  the  mass. 

It  would  appear,  then,  from  this  that  where  the  deposit  was  fairly 
free  from  magnesia,  the  '* concretionary  action"  started  from  so 
many  centres,  that  no  centre  had  time  to  aggregate  more  than  a 
small  quantity  of  lime  to  itself,  before  it  came  in  contact  with  the 
growing  peripheries  of  neighbouring  concretions,  and  its  further 
growth  necessarily  ceased.  When,  however,  the  deposit  contained 
more  magnesia,  the  particles  of  lime  were  consequently  more 
widely  separated,  there  was  less  inducement  for  individual  effort 
on  the  part  of  would-be  centres,  and  only  the  larger  and  stronger 
ones  succeeded  in  attracting  particles  from  the  surrounding  mass, 
and  grew  in  size  in  proportion  to  their  numerical  scarcity ;  the 
distance  from  which  they  were  able  to  draw  particles  increasing 
in  proportion  with  the  increase  of  their  mass.  When,  however,  the 
proportion  of  magnesia  present  exceeded  a  certain  amount,  the 
distance  between  the  particles  of  lime  became  so  great,  and  their 
mutual  afi&nity  was  so  weakened  by  this  increased  separation,  that 
no  foreign  body  was  sufficiently  powerful  to  start  the  migration  of 
particles  in  its  own  direction,  and  the  deposit  solidified  as  an 
ordinary  compact  bed. 

We  have  then  in  concretionary  action  a  very  analogous  process  to 
crystallization.     When  the  solution  of  a  salt  is  concentrated  and 
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allowed  to  stand,  it  rapidly  crystallizes,  forming  a  mass  of  small 
crystals.  If,  however,  the  solution  had  been  previously  diluted, 
fewer  and  larger  crystals  would  have  been  formed,  and  this  dilution 
might  have  been  carried  to  a  point,  after  which  further  dilution 
would  have  prevented  crystallization  from  taking  place  altogether* 

That  the  presence  of  magnesia  is  the  primary  cause  of  the  forma- 
tion of  the  concretions  is  borne  out  by  the  fact  that  they  are  confined 
to  this  formation,  although  there  are  plenty  of  other  limestones  in 
the  geological  sequence  in  which  they  should  otherwise  have  occurred. 
We  may  remark  in  passing  that  no  argument  in  favour  of  the 
'  Stalactitic '  theory  can  limit  the  application  of  that  theory  to  these 
particular  beds,  for  the  character  of  the  deposit  into  which  the  lime 
is  supposed  to  have  been  introduced  could  have  no  influence  what- 
ever in  causing  that  lime  to  be  dissolved  from  the  beds  above. 

The  second  part  of  the  question,  namely,  the  process  by  which 
the  particles  of  lime  were  conveyed  from  their  original  positions  in 
the  deposit,  and  were  aggregated  round  their  respective  nuclei,  is 
a  very  difficult  one  to  answer,  and  we  do  not  appear  to  have 
advanced  much  towards  the  right  understanding  of  this  process 
since  the  days  when  Prof.  Sedgwick  wrote.  Broadly,  the  process  is 
comparable  to  the  solution  of  sponge  spicules  in  the  chalk,  and  their 
redeposition  round  nuclei  in  the  form  of  flints.^  Carbonate  of  lime, 
and  silica  are,  however,  different  material.  What  do  we  know 
about  the  pectous  and  colloid  forms  of  carbonate  of  lime?  It  is 
true  that  the  aragonite  forming  the  shells  of  mollusca  is  an  animal 
product,  and  may  perhaps  be  analogous  to  the  form  of  silica  known 
as  organic ;  and  we  know  that  it  is  frequently  converted  into  calcite 
in  fossil  shells,  showing  that  a  rearrangement  of  the  molecules  of 
carbonate  of  lime  does  take  place  after  the  entombment  of  the  shelL 
The  carbonic  acid  and  other  gases  given  off  from  the  decomposing 
organic  matter  in  the  deposit,  and  existing  under  considerable 
pressure,  have  probably  played  an  important  part  in  maintaining^ 
the  particles  of  carbonate  of  lime  in  a  state  of  molecular  suspension^ 
in  which  condition  they  were  able  to  migrate  to  the  nucleus  which 
was  irresistibly  attracting  them.  Whether  this  state  was  one  of 
true  solution  as  usually  understood,  or  whether  it  was  one  analogous 
to  the  colloid  condition  of  silica,  it  is  impossible  to  say.  Becent 
experiments  on  the  combination  of  solids  under  pressure,  and  the 
movement  of  the  individual  molecules  of  a  dry  mixture,  show  that 
more  rearrangement  probably  takes  place  amongst  the  particles  of 
an  unconsolidated  deposit  than  we  are  accustomed  to  imagine. 

>  W.  J.  SoUaB,  Ann.  and  Mag.  of  Nat  Hist.  5th  serioB,  toI.  tL 
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GORDILLBRA. 

By  HsiniT  H.  Howokth,  Esq.,  H.P.,  etc.,  eto. 

IN  some  papers  which  have  lately  appeared  in  the  Geolooioal 
Maoazink,  I  have  endeavoured  to  show  that  the  Ural 
Mountains,  and  also  the  great  masses  of  high  land  in  Eastern 
Asia  from  the  Altai  to  the  Himalayas,  are  of  very  reoent  geological 
origin,  and  that  it  was  probahly  their  rapid  elevation  which  caused 
the  great  diluvial  movement  of  which  traoes  are  to  be  found  all  over 
the  Siberian  plains.  I  now  wish  to  call  attention  to  some  of  the 
evidence  which  points  to  the  American  Cordillera  being  also  a  very 
recent  geological  feature,  and  dating  from  the  same  period  of  cata« 
olysmic  revolution  which  closed  the  Mammoth  age. 

It  is  a  curious  fact  that  one  name,  America,  connotes  both  of  the 
great  continents  hung  together  by  the  isthmus  of  Panama.  The 
oause  of  this  is  of  course  purely  historical,  and  yet  it  coincides  with 
a  great  physical  fact,  namely,  their  essential  unity  in  more  than  one 
respect  The  generic  unity  of  the  old  inhabitants  of  both  continents 
is  a  peculiar  fact  in  ethnography ;  but  the  uuity  is  even  more  remark- 
able in  this,  that  the  vertebral  column  which  runs  north  and  south 
through  the  two  Americas  is  essentially  one  backbone. 

On  this  subject  Humboldt  writes  with  his  usual  lucidity  and 
force.  Speaking  of  the  great  chain  of  mountains  that  runs  through 
both  continents,  he  says :  "  This  is  the  most  continued,  the  longest, 
the  most  constant  in  its  direction  from  south  to  north,  and  north- 
north-west,  of  any  chain  of  the  globe.  It  approaches  the  north  and 
south  poles  at  unequal  distances  of  from  22^  to  33^.  Its  develop- 
ment is  from  2800  to  3000  leagues  (20  to  a  degree),  a  length  equal 
to  the  distance  from  Cape  Finisterre  in  Oalicia  to  the  North-East 
Cape  (Chukchoi-Noss)  of  Asia.  Somewhat  less  than  the  half  of 
this  chain  belongs  to  South  America,  and  runs  along  its  western 
coast.  On  the  north  of  the  isthmus  of  Capica  and  of  Panama,  after 
an  immense  lowering,  it  assumes  the  appearance  of  a  nearly  central 
ridge,  forming  a  rocky  dyke  that  joins  the  gi-eat  continent  of  North 
America  to  that  of  the  South.  ...  As  the  continent  beyond  the 
parallel  of  Florida  again  widens  towards  the  east,  the  Cordilleras, 
of  Durango  and  New  Mexico  as  well  as  the  Bocky  Mountains,  which 
are  a  continuation  of  those  Cordilleras,  appear  to  be  thrown  anew 
towards  the  West,  that  is,  towards  the  coast  of  the  Pacific  Ocean ; 
but  they  still  remain  eight  or  ten  times  more  remote  from  it  than  in 
the  southern  hemisphere.  We  may  consider  as  the  two  extremities 
of  the  Andes,  the  rock  or  granitic  isle  of  Diego  Bamirez,  south  of 
Cape  Horn,  and  the  mountains  that  reach  the  mouth  of  the  Mackenzie 
Biver  (lat.  69^,  long.  130^^),  more  than  twelve  degrees  west  of  the 
Green  Stone  Mountains,  and  known  by  the  denomination  of  the 
Copper  Mountains  "  (Humboldt's  Narrative,  vol.  vi.  pp.  409-411). 

It  is  to  this  chain  chiefly  that  I  wish  to  direct  your  readers. 

The  first  and  most  remarkable  fact  to  which  I  would  draw  atten- 
tion is  that  throughout  its  vast  length  (in  places  towering  to  an 
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enormous  height)  there  are  only  slight  traces  to  be  fonnd  of  ancient 
glacial  action,  except  in  the  length  which  separates  Chili  and  Patagonia. 
Excluding  this  length,  there  are  hardly  any  scratched  boulders, 
roches  moutonnees,  or  polished  or  striated  surfaces  which  we  can 
assign  to  that  vast  ploughshare  of  ice  which  has  left  its  mark  so 
plainly  written  on  the  flanks  of  the  Alps  and  the  Dovrefelds,  the 
granite  wastes  of  Labrador  and  the  North-Eastem  parts  of  America. 
Upon  this  point  the  best  observers  are  unanimous. 

We  will  first  turn  to  South  America. 

It  was  Darwin  who  first  drew  attention  to  the  distribution  of 
boulders  in  South  ^America.  Humboldt  had  argued  that,  inasmuch 
as  they  are  never  found  in  the  great  intertropical  plains  of  the 
Eastern  side  of  America,  they  are  entirely  absent  from  the  whole 
continent.  Referring  to  this  conclusion,  Darwin  says :  ''  As  far  as  I 
am  able  to  discover  from  the  works  of  travellers,  and  from  what  I 
have  myself  seen,  the  remark  holds  good  in  the  countries  on  both, 
sides  of  the  Cordillera  as  far  south  as  Central  Chile.  Azara  has 
particularly  stated  such  to  be  the  case  in  Chaco.  With  respect  to 
the  tributaries  of  the  Amazons,  nothing  can  more  strongly  prove  it 
than  La  Condamine's  story  "  (Darwin's  Narrative,  p.  289).  He  says: 
"  Below  Borja  even  for  400  or  600  leagues,  a  stone,  even  a  single 
flint,  is  as  great  a  rarity  as  a  diamond  would  be.  The  savages  of 
those  countries  do  not  know  what  a  stone  is,  and  have  not  even  a 
notion  of  it.  It  is  diversion  enough  to  see  some  of  them  whea 
they  come  to  Borja,  and  first  meet  with  stones,  express  their 
admiration  at  them  with  signs,  and  be  eager  to  pick  them  up,  load- 
ing themselves  therewith  as  with  a  valuable  merchandize.  .  •  • 
Neither  in  the  southern  nor  in  the  northern  hemisphere  do  the  frag- 
ments, coming  from  the  Polar  regions,  or  from  other  mountaia 
groups,  arrive  within  a  considerable  distance  of  the  lines  of  the 
tropics"  (Darwin's  Narrative,  pp.  288-9).  In  the  Appendix  he 
says:  "The  lowest  latitude  in  South  America,  in  which  I  found 
large  angular  fragments,  which  must  have  been  transported  by  ice 
there  formed,  or  by  some  unknown  means,  was  in  latitude  41^. 
But  as  I  did  not  examine  the  country  immediately  north  of  it,  I  am 
not  prepared  to  say  that  this  is  their  extreme  limit,  but  between 
latitude  27°  and  33°  I  found  no  appearance,  on  either  side  of  the 
Cordillera,  which  indicated  a  power  of  transportation  of  the  kind 
required  to  remove  boulders  from  a  distance.  Thus  we  find  that 
the  limit  of  their  dispersion  in  the  two  Americas  is  nearly  the 
same"  {id.  p.  615). 

Darwin  curiously  compares  the  Andes  with  the  Himalayas  in 
this  respect  Thus  he  says :  "  We  must  couple  the  absence  of  erratio 
blocks  along  that  part  of  the  Andes  which  is  situated  under  a 
warmer  climate,  with  the  similar  non-occurrence,  as  I  am  informed 
by  Prof  Eoyle,  in  Northern  India  round  the  flanks  of  the  Himalaya, 
those  loftiest  pinnacles  on  the  face  of  the  globe  "  (td.  p.  289). 

What  is  true  of  South  America  is  true  of  North  America  also.  I 
must  not  be  misunderstood.  I  am  only  speaking  of  the  Bocky 
Mountains   proper,   which  also  are  treated  by   Humboldt  as  in 
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essenoe  identical  with  the  Andes.  I  do  not  inoliide  the  so-called 
Coast  Bange  or  the  Cascade  Mountains,  or  the  Selkirk  Range,  or  the 
Sierra  Nevada.  C^  all  these  there  are  traces  of  glacial  action  on 
a  considerable  scale ;  bat  in  the  case  of  the  dominant  range  this  is 
not  so,  and,  except  on  some  of  the  higher  peaks,  where  the  phenomena 
may  have  a  very  recent  origin,  there  is  a  very  singular  absence  of 
such  phenomena. 

In  such  a  matter  I  cannot  quote  any  one  better  than  Mr.  Clarence 
King.     He  writes : 

**  In  the  field  of  the  United  States  Cordilleras,  we  have  so  far 
failed  to  find  any  evidence  whatever  of  a  southward-moving  con- 
tinental ice-mass.  As  far  north  as  the  Upper  Columbia,  and 
southward  to  the  Mexican  boundary,  there  is  neither  any  boulder 
olay  nor  scorings  indicative  of  a  southward-moving  ice-mass.  On 
the  contrary,  the  great  areas  of  Quaternary  material  are  evidently 
Bubaerial,  not  subglacial.  The  rocks  outside  the  limit  of  local 
mountain  glaciers  show  no  traces  either  of  the  rounding,  scoring, 
or  polishing  which  are  so  conspicuously  preserved  in  the  regions 
overridden  by  the  northern  glacier.  Everything  confirms  the 
generalization  of  Whitney  as  to   the  absence  of   general   glacia- 

tion Not  more  than  a  thirtieth  part  of  the  entire  surface 

of  the  fortieth  parallel  area  was  ever  covered  by  glacial  ice.  .... 
Whatever  the  greater  causes  may  have  been,  the  Cordilleran  surface 
south  of  Washington  Territory  was  free  from  an  ice-sheet,  and  the 
only  ice-masses  were  small  areas  of  local  glaciers  which  did  not 
cover  two  per  cent,  of  the  mountain  country." 

Whitney  also  tells  us  that  in  the  interior  parts  of  the  Cordillera 
the  ancient  glaciers  usually  extended  down  to  about  7000  or  8000 
feet  above  the  sea  (Unit^  States  GeoL  Expl.  of  the  40th  Parallel, 
pp.  459-461  and  464). 

In  Dr.  Wright's  recently  published  **  Ice  Age  in  North  America," 
we  read : 

'    "  According  to  Whitney  there  are  no  signs  of  ancient  glaciers 
.in  Western   Nevada,    though    some   of  the    mountains  rise  to    a 

height  of  10,000  feet In  Colorado  there  are  evidences  of 

ancient  glaciers  only  above  the  10,000  foot  line The  most 

southern  point  at  which  signs  of  local  glaciers  in  the  Rocky 
Mountains  have  been  noted  is  near  the  summits  of  the  San  Juan 
Range,  in  South- Western  Colorado.  Here  a  surface  of  about 
25  square  miles,  extending  from  an  elevation  of  12,000  feet  doum 
to  6000  feet,  shows  every  sign  of  the  former  presence  of  moving 
ice.  Northward  of  Utah  and  Colorado  the  signs  of  former  glaciation 
are  of  the  same  local  character;  that  is,  glaciers  everywhere  radiated 
from  the  higher  mountain  masses,  and   extended  a  short  distance 

down  the  canons  and  valleys The  glaciers  of  the  Sierra 

Nevada  and  Cascade  Range  in  California,  Oregon  and  Washington 
Territory  were  on  a  much  grander  scale  than  those  in  the  Rocky 
Mountains  "  {op.  eit,  pp.  148,  149). 

Professor  George  Dawson,  in  criticizing  some  of  Prof.  Whitney's 
views,  says: 

"The  general  result  arrived  at  in  the  areas  of  Whitney's  and 
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King's  surveys  is  that  oomparatively  only  a  very  small  portion  of 
the  highest  ranges  of  mountains  has  ever  been  covered  with  glaciers, 
and  that  there  has  never  been  in  this  region  anything  like  a  northern 
drift  period  or  a  transportation  of  material  in  any  given  direction 
independent  of  the  present  topographical  features  of  the  country  " 
("Nature,"  1881,  p.  290). 

Again,  Mr.  6.  E.  Gilbert,  in  his  report  on  the  geology  of  Nevada, 
Utah  and  Arizona,  says : 

"About  White's  Peak  in  the  Sohell  Eange,  Nevada,  are  the 
terminal  moraines  of  five  or  six  glaciers  that  descended  to  8000  feet 
altitude  in  lat.  39^  15'.  At  about  the  same  altitude  and  in  lat  39^ 
are  moraines  and  an  Alpine  lake  upon  the  flanks  of  Wheeler's  Peak* 
of  the  Snake  Range  of  Nevada.  Old  Baldy  Peak  (N.  lat.  38**  18'), 
near  Beaver,  Utah,  overlooks  two  terminal  moraines,  one  of  which 
contains  a  lakelet  at  an  altitude  of  about  9000  feet  No  traces  were 
seen  of  a  general  glaciation  such  as  the  Northern  States  experienced, 
and  the  cumulative  negative  evidence  is  of  such  weight  that  Mr. 
Gilbert  is  of  opinion  that  the  glaciers  of  the  region  referred  to  were 
confined  to  the  higher  mountain  ridges  "  ('*  Nature,"  vol.  xii.  p.  299). 

I  will  quote  one  more  witness,  and  he  the  most  important, 
because  his  remarks  refer  to  the  northern  prolongation  of  the 
Bocky  Mountains  in  latitudes  where  we  should  expect  to  see  glacial 
phenomena  on  a  very  wide  scale. 

Professor  George  Dawson,  the  distinguished  son  of  a  distinguished 
father,  has  recently  mapped  out  in  detail  the  district  threaded  by 
the  more  northern  parts  of  the  Bocky  Mountains,  and  what  do  we 
find  on  his  map?  Why,  that  while  on  the  west  of  the  chain  the 
erratics,  which  were  once  shed  by  the  Cascade  Range,  come  almost 
up  to  the  Rocky  Mountains  on  the  one  hand,  and  on  the  east  the 
drift,  which  has  everywhere  spread  so  far  from  Labrador  and  ita 
neighbourhood,  has  similarly  travelled  right  up  to  the  flanks  of  the 
Cordillera,  not  an  arrow  or  a  mark  is  found  on  the  map  to  show 
that  the  Rockies  themselves  threw  ofi*  any  erratics  of  their  own,  or 
that  the  great  masses  of  ice  which  (one  must  suppose)  covered  them  ^ 
in  the  Glacial  age,  if  they  were  then  existing,  formed  any  barrier  to 
the  spread  of  drift  on  either  side  of  them.  Assuredly  the  fact  is 
a  very  extraordinary  one. 

North  America  presents  to  us  the  most  gigantic  traces  of  ioe* 
action  to  be  found  anywhere.  Nowhere  else  are  the  polished  and 
striated  surfaces  so  widespread,  and  the  boulders  and  wreckage  of 
ice-action  so  conspicuous.  East  and  west  of  the  Rocky  Mountains 
the  evidence  is  the  same.  How  comes  it,  then,  that  the  highest 
ground  of  all,  which  would  naturally  be  looked  upon  as  the  main 
reservoir  of  the  ice,  should  be  so  free  from  its  marks,  and  should  be 
BO  sharply  contrasted  with  the  mountains  of  Scandinavia,  with  the 
Alps,  with  the  Cascade  Range,  and  with  the  gathering  ground  of 
the  Laurentian  glacier?  To  my  mind  there  is  only  one  possible 
explanation  of  the  facts  here  mentioned,  namely,  that  the  great 
American  Cordillera,  both  in  North  and  South  America,  is  not  only, 
as  Elie  de  Beaumont  afi&rmed,  one  of  the  newest  mountain  ranges 
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in  the  world,  bat  that  it  only  dates  in  its  main  featares  from  that 
period  of  cataclysmic  revolution  in  physical  geography  which  closed 
the  Mammoth  age,  and  that  it  was  not  existing  at  the  time  of  the 
BO-called  Glacial  period. 

This  position  may  be  supported,  as  similar  evidence  can  be 
supported  in  the  case  of  the  Urals  and  other  ranges.  Id  the  first 
place,  it  is  a  curious  proof  that  the  Rocky  Mountains  are  very  recent, 
that  they  do  not  constitute  a  real  zoological  boundary.  On  this 
subject  I  cannot  quote  a  better  authority  than  Mr.  Murray,  who,  in 
his  Greographical  Distribution  of  Mammals,  p.  313,  says,  ''  We 
should  expect  the  Bocky  Mountain  range  to  form  the  chief  longi* 
tudinal  line  of  separation,  but,  as  already  said,  it  only  separates 
species  in  a  minor  degree.  The  actual  mountain  barrier  appears  to 
be  the  Cascade  Range  on  the  west  side  of  the  Rocky  Mountains, 
separating  Oregon  and  California  from  the  rest  of  North  America ; 
and  the  dividing  limit  between  the  two  other  regions  seems  to  be 
the  Nebraska  country,  on  which  lie  the  Mauvaises  Terres  and 
Nebraska,  and  Niobrara  beds  on  this  side  of  the  Rocky  Mountains — 
the  line  of  separation,  in  fact,  being  marked  by  the  site  of  the 
ancient  Tertiary  sea  in  which  these  beds  had  been  deposited." 

In  the  first  place,  it  is  a  remarkable  fact  that  the  remains  of  the 
South  American  Mastodon  of  precisely  the  same  species  should  have 
been  found  on  both  sides  of  the  Cordillera  of  the  Andes.  It  is 
incredible  that  an  animal  of  the  type  of  the  Mastodon,  which,  as  we 
know,  fed  on  trees,  should  have  traversed  the  high  range  over  which 
the  Alpaca  and  Vicuna  can  hardly  pass.  In  North  America  the 
same  fact  presents  itself,  and  we  have  remains  of  the  Mastodon 
occurring  in  California  and  in  Oregon,  on  the  western  side  of  the 
Rocky  Mountains,  as  on  the  plains  east  of  that  range.  This  seems 
to  me  to  be  very  strong  evidence  that  the  Cordillera  was  not 
existing  in  the  Mammoth  age  to  act  as  a  zoological  frontier. 

Again,  it  was  long  ago  observed  by  Humboldt  that  remains  of  the 
same  animal  occur  on  the  high  plateau  of  Quito  and  elsewhere  at 
a  tremendous  elevation  in  South  America,  while  the  Mammoth  left 
*it8  bones  on  the  high  plateau  of  Mexico,  thus  offering  a  parallel 
to  the  remains  from  Hiundes  in  Tibet 

I  will  quote  one  or  two  instances  in  support  of  this  contention. 
Inter  alia,  Humboldt  discovered  a  large  number  of  Mastodon  remains 
in  the  so-called  Giants'  Camp  at  Santa  Fe  de  Bogota,  in  Peru,  at  a 
height  of  1300  toises  (i.e.  2600  metres)  above  the  sea  {id,  p.  264). 
He  found  similar  remains  near  the  volcano  of  Imbaburra  in  the 
kingdom  of  Quito,  also  in  Peru,  at  a  height  of  1200  toises 
(i.e.  2400  metres)  (id.  p.  266).  Others  again  at  Chiquitos,  near 
Santa  Cruz  de  la  Sierra,  in  18^  S.  lat  and  almost  in  the  centre  of 
South  America.  On  the  west  of  the  Cordillera  J.  de  Jussieu  reports 
a  great  deposit  of  these  bones  in  the  valley  of  Tarifa  at  a 
distance  of  more  than  130  leagues  from  the  sea,  and  200  from 
Potosi,  while  Humboldt  sent  one  to  Cuvier  from  Conception  de 
Chili  in  37''  S.  lat.  {id.  p.  267).  Darwin  also  found  remains  of  the 
Mastodon  at  Santa  Fe,  and  speaks  of  their  occurring  up  to  the 
snow-line. 
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These  facts  are  assuredly  remarkable,  and  it  is  not  strange,  there- 
fore, to  find  that  Humboldt,  after  remarking  how  the  bones  of  the 
great  pachyderms  scattered  in  the  auriferous  gravels  on  the  flanks 
of  the  Urals  prove  the  very  recent  origin  of  that  chain,  should  go  on 
to  say :  "  Cette  m^me  conclusion  de  soulevement  s'applique  aux 
Andes,  ou,  dans  les  deux  hemispheres  sur  les  plateaux  du  Mexique» 
de  Cundinamaska  (near  Bogota),  de  Quito  et  dn  Chili,  on  deoouvre 
des  oBsemens  fossiles  de  mastodon tes  k  1200  et  1500  toises  de  hauteur  ** 
(Geol.  et  Glim.  Asiatique,  pp.  381,  382,  note). 

See  also  his  Belat.  Hist  vol.  i.  pp.  886,  414,  429;  vol.  iii.  p.  579. 

Turning  to  another  part,  one  curious  feature  of  the  Rocky 
Uountains  pointing  to  their  cataclysmic  origin  is  the  sudden  and 
abrupt  way  in  which  they  rise  out  of  the  adjoining  plains.  Thus 
Mr.  Ball  says :  ^*  The  Bocky  Mountain  rises  up  from  the  midst  as 
it  were  of  a  horizontal  sea  of  red  sandstone ;  as  if  some  tremendous 
force  had  driven  it  upwards,  like  an  island  forced  up  from  the  depths 
of  the  ocean  "  (Silliman's  Journal,  vol.  xxv.  p.  35). 

Beclus  says:  *'La  chains  des  Montagues  Bocheuses  ne  projette 
pas  de  rameaux  proprement  dit  dans  les  plaines  orien tales.  Des 
terrains  onduleux  viennent  se  heurter  au  pied  des  Monts  oorame  des 
xagues  qui  frappent  les  rocs  d*un  promontoire:  la  transition  est 
brusque  entre  les  escarpements  et  les  plaines"  (Nonvelle  Gkog. 
Univ.  voL  XV.). 

This  is  assuredly  only  consistent  with  this  chain  having  been 
elevated  by  a  local  paroxysmio  movement,  and  not  by  a  slow  general 
alteration  of  the  level  of  the  continent. 

Another  feature  in  which  America  and  Asia  resemble  one  another, 
and  which  points  to  a  recent  elevation  of  the  land,  is  the  fact  of  the 
existence  of  a  number  of  small  salt  lakes  which  attest  to  wide  areas 
of  water  having  been  recently  drained.  Thus,  Mr.  J.  K.  Gilbert,  in 
his  Geological  Report,  says  that  the  level  of  what  is  now  "  Great 
Salt  Lake  must  at  one  time  have  been  much  higher,  and  its  area 
must  have  been  much  greater  than  it  is  at  present  Former  levels 
are  marked  by  a  series  of  conspicuous  shore-lines  carved  on  the 
adjacent  mountain  slopes  to  a  height  of  more  than  900  feet  When 
the  waters  rose  to  the  uppermost  beach,  they  must  have  covered  an 
area  of  about  18,000  square  miles,  eleven  times  that  of  the  present 
lake,  and  a  trifle  less  than  that  of  Lake  Huron.  The  average  depth 
was  450  feet,  and  the  volume  of  water  nearly  400  times  greater  than 
now."  Mr.  Gilbert  believes  ''  that  the  flooding  of  the  Great  Salt 
Lake  Valley  was  contemporary  with  the  general  glaciation  of  the 
northern  portion  of  North  America,  and  with  the  formation  of  the 
numerous  local  glaciers  of  the  western  mountain  systems,  he  considers 
it  a  phenomenon  of  the  Glacial  Epoch  "  ("  Nature,"  voL  xiL  p.  299). 

Beclus  describes  the  American  salt  wastes  in  his  usual  graphio 
manner.  Thus,  speaking  of  the  desert  of  Utah,  he  says,  "  It  is  an 
immense  surface  of  clay,  dotted  over  with  thin  tufts  of  Artemisia ; 
in  certain  places,  however,  it  exhibits  no  trace  of  vegetation,  and 
resembles  a  causeway  of  concrete,  intei'sected  by  innummerable 
clefts,  forming  nearly  regular  polygons.     In   the  midst  of  these 
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solitades  no  riviilet  flows,  and  no  water  spring  gashes  forth ;  only 
after  journeying  for  many  a  long  hoar  the  traveller  sometimes 
comes  opon  some  field  of  orystftllized  salt,  a  white  expanse  on 
which  the  clouds  and  blue  sky  are  reflected  as  on  the  surface  of 

a  lake The  solitudes  of  the  Andes  most  resembling  the  desert 

regions  of  the  old  world  and  of  the  United  States  are  the  elongated 
plateaux,  which  rise  one  above  another  between  the  sea  and  the 
principal  chain  of  the  Andes,  in  southern  Peru,  and  on  the  frontiers 
of  Bolivia  and  Chili ;  such  as  the  Pampas  of  Islay  and  Tamarugal, 
and  the  desert  of  Atacama.  The  Pampa  of  Tamarugal  has  a  mean 
altitude  of  from  2900  to  3900  feet.  It  is  a  plain  nearly  covered 
with  beds  of  salt,  or  Bolares^  which  are  worked  like  rock-quarries. 
The  strata  of  salt  are  so  thick,  and  rain  is  so  rare  upon  the  plateau* 
that  the  houses  of  the  village  of  Noria,  which  are  inhabited  by  the 
workmen,  are  entirely  constructed  of  blocks  of  salt  Some  deserts 
situated  to  the  east  of  the  Tamarugal,  on  more  elevated  plateaux, 
contain  a  still  larger  quantity  of  salt 

The  Pampa  of  Sal,  which  is  overlooked  by  the  volcano  of  Islaga, 
has  a  mean  altitude  of  not  less  than  13,800  feet,  and  its  whole 
extent,  which  is  125  miles  long,  and  from  9  to  24  miles  wide,  is 
perfectly  white.  The  depth  of  salt  deposited  upon  this  plateaa 
varies  from  5  to  16  inches,  according  to  the  undulations  of  the 
ground." 

"  Whence  do  these  enormous  masses  of  salt  proceed  ?  Doubtless 
from  the  sea  or  ancient  lakes  which  formerly  covered  these  countries, 
and  have  been  gradually  emptied  by  the  rising  of  the  soil "  (Beolus, 
"The  Earth,"  pp.  107-108,  and  110-111). 

We  can  hardly  separate  the  drainage  of  these  seas  from  the 
upheaval  which  uplifted  great  collections  of  bones  of  the  Mastodon 
to  a  level  close  to  the  snow-line,  and  quite  ontside  the  range  of  the 
soft-wooded  trees  on  which  they  fed.  llie  Salt-licks  of  Ohio  actuaUy 
contain  great  masses  of  Mastodon  and  other  bones. 

If  we  cross  the  Cordillera,  both  in  North  and  South  America,  from 
west  to  east,  we  have  another  and  equally  difficult  problem  to  solve, 
namely,  to  account  for  the  vast  and  continuous  beds  of  unstratified 
loam  which,  whether  we  call  it  Loess  or  Pampas  mud,  has  the  same 
structure,  and  which  no  ingenuity  can  mistake  for  a  deposit  which 
has  been  thrown  down  by  water  in  a  gradual  way,  or  been  accumu- 
lated at  all  in  a  gradual  way,  since  it  not  only  has  no  signs  of 
stratification,  except  in  very  local  circumstances,  but  overspreads 
whole  continents  with  its  mantle,  irrespective  of  the  drainage  or  the 
contour  of  the  country,  and  which  seems  unmistakeably  to  prove  the 
operation  of  some  rapid  and  cataclysmic  cause. 

In  regard  to  South  America  some  of  the  most  distinguished 
geologists,  such  as  D'Orbigny,  Brongniart,  Elie  de  Beaumont,  etc., 
have  not  scrupled  to  explain  it  as  a  oonsequence  of  the  sudden  or 
very  rapid  upheaval  of  the  Andes.  D'Orbigny,  who  is  much  the 
most  distinguished  geologist  who  has  written  on  South  America, 
which  he  explored  so.  diligently,  and  upon  which  he  published  a 
most  magnificent  wprk,  is  very  emphatic  on  the  subject,  and  I  must 
quote  some  passages  from  his  too  little  consulted  masterpiece. 
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The  Pampas  deposit,  he  fells  ns,  covers  an  area  of  23,750  square 
leagues,  and  rises  gradually  from  the  sea-level  to  a  hundred  metres 
or  more.  It  also  fills  small  elevated  valleys  as  at  Tarija,  at  Gocha* 
bamba,  2575  metres  above  the  sea,  and  all  the  Bolivian  plateau  at 
the  mean  height  of  4000  metres ;  so  that  it  ooours  at  all  heights 
from  the  sea  to  the  summit  of  the  Cordilleras.  It  oonststs  of  a 
homogeneous  reddish  unstratified  loam.  It  is  the  same  at  Ghiquitos 
and  Moxos,  while  on  the  Rio  Piray  it  is  somewhat  mixed  with  day. 
and  is  the  same  on  the  high  plateaux  as  it  is  on  the  Pampas,  and 
only  contains  Mammals*  bones.  It  covers,  in  fact,  the  surface  of 
nearly  all  South  America,  and  is  the  result  of  one  general  cause 
(D*Orbigny,  vol.  iiL  pt.  3,  pp.  250,  251).  It  covers  deposits  of  all 
ages — Silurian,  Devonian,  Carboniferous,  Triassic  and  lYachytio 
{id,  p.  253).  If,  as  Darwin  argued,  this  deposit  was  of  fluvatile  or 
estuarine  origin,  how,  says  D'Orbigny,  can  we  explain  its  presence 
both  on  the  plains  and  the  high  plateaux  ?  This  makes  it  clear  that 
its  cause  was  not  a  local  but  a  general  one  (id,  p.  255). 

Another  fact  which  points  the  same  moral  is  the  absence  of 
stratification  in  these  loamy  beds.  In  certain  places  it  is  harder 
or  more  or  less  sandy ;  but  these  parts,  far  from  being  separated 
from  the  rest  by  horizontal  lines,  which  always  show  themselves  in 
beds  deposited  slowly  from  water,  form  one  mass  with  indistinct 
zones  which  are  very  transient  In  one  word,  it  may  be  said  that 
the  Pampas  mud  was  deposited  in  a  very  short  time  and  was  the 
result  of  a  great  terrestrial  commotion  (d'Orbigny,  vol.  iii.  pt.  S, 
p.  78). 

Elsewhere  he  explains  what,  in  his  view,  was  the  nature  of  this 
commotion.  He  tells  us  how  great  dislocations  took  place  in  the 
bed  of  the  ocean  to  the  west  of  the  American  continent  lliis  dis- 
location was  coincident  with  the  sudden  or  rapid  upheaval  of  the 
Andes  over  a  length  of  50  degrees  or  1250  leagues.  This  upheaval 
caused  the  sudden  movement  of  the  sea,  which  invaded  all  at  once 
the  continent,  carried  o£f  and  overwhelmed  the  Mastodons  which 
inhabited  the  eastern  flanks  of  the  Bolivian  Cordillera,  the 
Megatheriums,  Megalonyxes,  and  the  multitude  of  animals  daily 
being  discovered  in  the  caverns  and  the  fissures  of  the  mountains 
of  Brazil — all  the  species,  in  fact,  which  are  extinct  It  was  then, 
perhaps,  that,  mixed  with  the  earth,  the  animals  were  tumultuously 
deposited  in  the  lower  parts  of  the  Tertiary  basin  of  the  Pampas, 
and  thus  formed  the  immense  deposit  of  Pampas  mud  (op.  eit.  vol.  iii. 
pt  3,  p.  82). 

Again  he  says :  <<  My  final  conclusion  from  the  geological  facts 
I  observed  in  America  is,  that  there  was  a  perfect  coincidence 
between  the  upheaval  of  the  Cordilleras,  the  destruction  of  the 
great  race  of  animals,  and  the  great  deposit  of  Pampas  mud.  Thus 
these  three  questions  of  immense  importance  for  American  geology 
and  for  the  chronological  history  of  faunae,  may  be  explained  by  one 
cause,  namely,  the  upheaval  of  the  Cordilleras,  to  which  we  may, 
perhaps,  attribute  the  analogous  phenomena  of  which  Europe  has 
been  the  theatre  "  {id.  voL  iii.  pt  3,  pp.  85,  86). 
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Elsewhere  again  he  points  to  other  facts  which  prove  more 
directly  the  ooinoidenoe  in  time  of  the  rise  of  the  Cordilleras  and  the 
deposit  of  the  Pampas  mud  by  the  waters  as  the  result  of  this 
elevation  are  without  doubt  the  numerous  depressions  and  denuda- 
tions which  out  into  the  soil  from  east  to  west,  and  the  dispersion  of 
porphyry  boulders  over  all  the  Tertiary  deposits  of  Patagonia.  If 
these  denudations  had  been  subsequent  to  the  deposit  of  the  Pampas 
mud,  it  is  evident  that  the  porphyritio  boulders  with  which  the 
ground  is  covered  over  round  the  oiroumferenoe  of  the  Pampas 
would  also  have  covered  the  Pampas  deposit,  whereas  they  cease 
just  where  the  Pampas  mud  begins,  as  Darwin  showed  when  he 
says  they  are  found  from  the  Straits  of  Magellan  to  the  Bio  Colorado. 
We  may  thus  look  upon  the  elevation  of  the  Cordilleras  as  the  cause 
which  at  the  same  time  drove  the  water  from  West  to  East  with, 
sufficient  violence  to  denude  the  Tertiary  soil  in  the  direction  of  the 
slope,  and  to  sweep  from  the  Andes  the  porphyry  boulders  which 
cx>ver  all  Patagonia,  and  we  may  see  in  the  same  fact  the  reason 
why  the  vegetable  soil,  etc.,  was  swept  from  all  the  Tertiary  strata 
of  Patagonia  to  be  deposited  in  the  great  reservoir  of  Pampas  mud* 

I  hold  that  the  waters  which  deposited  the  Pampas  mud  were 
salt,  because  all  the  clay  deposits  of  the  Upper  Andes  containing 
bones  are  saline.  It  is  so  also  with  the  Pampas  mud,  which  shows 
efflorescence  at  different  points.  But  the  best  proof  is  the  existence 
of  salt  lakes  dating  from  this  period  at  the  summit  of  the  Cordilleras, 
and  in  all  the  depressions  caused  by  water  in  the  plains  of  Patagonia, 
and  this  perhaps  accounts  for  the  salt  springs  occurring  in  various 
places"  (D'Orbigny,  vol.  iii.  part  3,  p.  82,  etc.). 

These  views  were  shared  by  other  inquirers.  Thus  in  a  report  to 
the  French  Academy  on  the  discoveries  made  by  Lund  in  Brazil, 
we  find  the  reporters,  Brongniart,  Dufrenoy,  and  Elie  de  Beaumont, 
SAJii^gi  **  The  deposit  in  Brazil  only  differs  from  that  of  the  Pampas 
by  the  presence  of  quartz  pebbles,  probably  derived  from  subjacent 
beds ;  there  it  is  from  3  to  16  metres  thick,  and  extends  up  the 
flanks  of  the  mountains  to  a  height  of  2000  metres."  Mr.  Lund 
attributes  the  red  loam  of  Brazil  to  a  great  irruption  of  waters 
v^hich  covered  all  this  part  of  the  earth,  and  put  an  end  to  the 
existence  of  living  animals.  ''Whatever  modifications  this  hypothesis 
is  destined  eventually  to  suffer,  it  seems  to  us  evident,"  say  the 
learned  reporters,  ''  that  the  extension  of  the  Pampas  mud  over  the 
mountains  of  Brazil  upsets  the  theory  that  this  mud  was  deposited 
tranquilly  in  the  estuary  of  a  great  river,  and  this  extension  seems 
very  probable,  since  the  Brazilian  mountains  are  not  the  only  ones 
where  it  occurs."  ....  The  area  covered  by  the  Pampas  mud  is 
equal  to  that  of  France,  and  the  deposit  which  contains  Megatherium, 
Megalonyx,  Hoplophorus,  and  Mastodon,  on  the  Parana,  is  200  myria- 
m^tres  from  Minas  Oeraes,  where  Lund  found  the  same  animals, 
proving  that  the  cause  of  their  deposition  operated  on  a  great  scale 
over  the  continent  of  America,  and  that  we  must  invoke,  if  we  are 
to  explain  it,  some  general  and  widespread  cause. 

I  have  not  pretended  in  this  short  paper  to  do  more  than  collect 
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a  few  salient  facts,  whioli  might  be  greatly  multiplied.  They  seem 
to  establish  that  the  American  Cordillera,  like  the  Highlands  of 
Eastern  Asia,  form  a  very  new  feature  in  the  physical  history  of  the 
world.  They  show  that  their  upheaval  dates  very  largely  from 
post-Tertiary  times,  that  it  was  very  rapid,  if  not  sudden,  and  that 
it  caused  a  widespread  diluvian  movement,  to  which  we  must 
attribute  the  destruction  of  a  large  part  of  the  Pleistocene  fauna, 
and  the  spreading  of  the  great  mantles  of  unstratified  loam  in  the 
Pampas  of  South  America,  and  the  Loess  districts  of  the  North. 


ni. — On  the  British  Eabthquakbs  of  1890,  with  the  exoeftiok 

OF  THOSE  FELT   IN  THE  NEIGHBOURHOOD   OF  InVEBNESS. 

By  Chaklbb  Datisok,  M.A., 
Mathematieal  Master  at  King  Edward*  b  High  School,  Binniiigham. 

THE  most  remarkable  earthquakes  of  the  year  1890  were  those 
felt  in  the  district  round  Inverness  between  November  15  and 
December  14.  These  have  been  described  in  a  separate  paper.^ 
The  remaining  earthquakes  were  of  comparatively  slight  intensity. 
Two  or  three  were  felt  during  the  night  of  June  25-26  within 
a  very  small  area  to  the  north -east  of  Leeds,  and  one  at  least  ia 
Kintyre  on  July  24.  Several  slight  shocks  at  Invergarry  and 
Feddan,  in  Inverness-shire,  complete  the  list  so  far  as  known  to  me, 
with  the  exception  of  a  doubtful  shock  at  Tulliallan  in  Perthshire 
on  January  6. 

It  is  hardly  necessary  to  do  more  than  refer  here  to  the  two 
supposed  earthquakes  felt  on  January  7  at  and  near  Chelmsford. 
In  a  letter  to  '*  Nature," "  I  have  given  the  evidence  in  full ;  and  it 
appears  to  me  sufficient  to  show  that  they  were  merely  the  reports 
of  one  of  the  great  Woolwich  guns.  The  reasons  of  this  conclusion 
are,  briefly:  (1)  exactly  at  the  times  given  (12 h.  SOm.  and  13h. 
25  m.),  a  110-ton  gun,  the  heaviest  in  the  service,  was  fired  at 
Woolwich  ;  (2)  the  wind  was  S.W.  over  nearly  the  whole  of 
England  on  the  day  mentioned,  and  all  the  places  from  which  I 
have  received  records  are  close  to  a  line  passing  in  a  north-easterly 
direction  from  Woolwich;  and  (3)  the  descriptions  of  the  shocks 
show  that  they  were  due  to  impulses  transmitted  through  the  air 
rather  than  through  the  earth. 

Yorkshire  Earthquakes:  Juke  25-26. 

a.  June  25,  about  22  h.  30  m. ;  Intensity,  IV.;  Epicentrum,  about 

half  a  mile  N.E.  of  Walton. 
(.  June  26,  about  Ih. 

First  Shock:  June  25,  about  22 h.  30m, — I  have  received  records 
of  this  shock  from  19  places,  which,  with  two  exceptions,  lie  within 
an  area  about  11^  miles  long  and  7  miles  broad ;  the  direction  of 
its  longer  axis  being  about  W.  17°  N.  and  E.  17°  S.    The  boundary- 

*  Read  before  the  Geol.  Soe.  on  June  24. 

»  ** Nature"  (B'eb.  20,  1890),  vol  41,  p.  869. 
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liae  of  this  area  corresponds  to  an  isoseismal  of  intensity  IV.  or 
nearly  so ;  it  contains  a  little  more  than  60  sqaare  miles. 

Throughout  the  disturbed  area,  the  shook  seems  to  have  consisted 
of  a  single  vibration;  no  tremulous  motion  being  noticed  either 
before  or  after.  At  Boston  Spa,  it  is  said  to  have  resembled  **  an 
explosion,  or  the  sudden  and  loud  banging  of  a  subterranean  door.'' 
At  Walton,  a  village  close  to  the  eptoentrum,  the  movement  was 
lateral  only,  no  vertical  motion  being  perceptible. 


.  o  J^picentrunu 

^S-  •  CZi//hnL  / 


Tactcoattr^^ 


fi^  yJlfU^,  -^^^J^^ 


IbrAshi^SarChcj^Ujakje^,  June  25,  ^9S0.  (xzKsom.) 

Estimates  of  the  duration  are  variable,  and  probably  include  that 
of  the  accompanying  sound  in  one  or  two  cases.  At  Oollingham, 
the  shock  seemed  to  be  instantaneous.  It  is  stated  to  have  lasted 
a  second  or  two  at  Boston  Spa,  two  seconds  at  Hunsingore,  about 
three  seconds  at  Walton,  and  about  ten  seconds  at  Tockwith. 

The  intensity  was  IV.  at  Askham  Eichard,  Bilbrough,  Boston  Spa, 
Cowthorpe,  Spofforth,  Tockwith,  and  Walton;  and  III.  at  Bolton 
Percy. 

Sounds  were  heard  accompanying  the  shock  at  eight  places  at 
least ;  from  eight  others  no  record  is  given  on  this  point ;  at  three 
places,  Askham  Richard,  Bolton  Percy,  and  Spofforth,  it  is  expressly 
stated  that  no  sound  was  heard.  The  sound-area  was,  therefore, 
iiomewhat  less  extensive  than  the  disturbed  area. 

The  epicentrum  is  about  half  a  mile  N.E.  of  the  village  of  Walton, 
and  13  miles  N.E.  of  Leeds. 

Second  Shock :  June  25,  about  1  h. — ^This  shock  was  felt  by  several 
persons  at  Boston  Spa,  but  I  have  not  been  able  to  obtain  any 
detailed  observations. 
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On  the  same  day,  at  about  4h.,  a  third  shook  is  said  to  have  been 
felty  at  Wetherby;  but,  in  the  absenoe  of  any  farther  information» 
its  occnrrenoe  must  be  regarded  as  doubtful. 

Origin  of  the  Shocks. — In  the  immediate  neighbourhood  of  the 
epicentram,  there  appears  to  be  no  fault  with  which  these  earth- 
quakes may  be  connected :  at  any  rate,  none  is  marked  upon  the 
Burvey  map.  The  evidence  given  above,  slight  as  it  is,  seems  to  me 
also  rather  to  oppose  than  to  favour  the  view  that  they  were  fault- 
formed  shocks. 

Somewhat  similar  shocks,  though  disturbing  smaller  areas,  are  of 
frequent  occurrenoe  at,  and  in  the  neighbourhood  of,  Sunderland. 
These  have  been  studied  and  discussed  by  Prof.  G.  A.  Lebour  in  an 
admirable  paper  "On  the  Breccia-gashes  of  the  Durham  Coast,  eta"  * 
The  magnesian  limestone  at  Sunderland  is  about  400  feet  thick. 
It  contains  numerous  caverns,  many  of  them  naturally  formed,  some 
probably  artificial  owing  to  the  withdrawal  of  water  by  the  local 
water  company.  Fragments  of  rock  must  frequently  fall  from  the 
roofs  of  these  caverns,  and  it  is  to  the  concussions  produced  by  them 
that  Prof.  Lebour,  with  very  good  reason  I  believe,  attributes  the 
Sunderland  shocks.  That  such  falls  have  frequently  taken  place 
in  former  times  is  obvious  from  the  constitution  of  the  numerous 
"  breccia-gashes  "  which  may  be  seen  along  the  coast  of  Durham. 
That  they  are  probably  continuing  at  the  present  time  is  shown  by 
evidence  which  has  been  obtained  since  the  publication  of  Prof. 
Lebour's  papers.  The  Sunderland  shocks  are  especially  numerous 
at  certain  parts  along  the  banks  of  the  Hendon  Burn,  a  small 
stream  about  a  mile  south  of  the  Biyer  Wear.  The  Sunderland 
and  Byhope  Boad  crosses  the  stream  nearly  at  right  angles,  and, 
for  a  distance  of  about  400  yards  on  the  north  side,  and  about 
150  yards  on  the  south  side  of  the  stream,  it  has  been  found  that 
the  road  has  recently  subsided.  The  Ordnance  Survey  levelling  of 
the  road  was  carried  out  in  1857,  and  in  1887  the  levelling  was 
repeated  by  a  well-qualified  surveyor  at  the  instance  of  Mr.  T.  W. 
Backhouse,  of  Sunderland.  The  average  subsidence  of  the  road 
over  the  distance  mentioned  was  found  to  be  I  foot  10  inches  in  the 
tliirty  years ;  at  the  stream  itself  the  subsidence  was  2  feet  4  inches. 
A  large  part  of  this  subsidence  seems  to  have  taken  place  towards 
the  end  of  this  period ;  for,  in  four  years,  1883-87,  Mr.  Backhouse 
found  by  observations  of  a  distant  chimney,  that  his  observatory, 
which  is  close  to  the  Byhope  road,  had  been  lowered  by  1  foot  4  inches, 
and  it  is  worthy  of  notice  that  just  about  this  time  the  slight  shocks 
became  especially  frequent. 

The  part  of  the  disturbed  area  surrounding  the  epicentrum  of  the 
first  of  the  Yorkshire  shocks  consists  also  of  magnesian  limestone, 
though  its  thickness  is  less  than  at  Sunderland.^    The  depth  pf  the 

^  Trans,  of  the  N.  of  Engl.  Inst,  of  Mining  Eng.  (Newcastle-upon-Tyne), 
vol.  33,  1884,  pp.  1 65-174.  See  also  a  paper  by  the  same  author,  **  On  Some  Recent 
Earthquakes  on  the  Durham  Coast  and  their  probable  cause,"  Gbol.  Mao.  (1885), 
Lee.  3,  Vol.  II.  pp.  513-616. 

'  In  the  neighbourhood  of  Tadcaster,  the  thickness  of  the  Permian  formation 
(Upper  Marls  to  Lower  Magnesian  Limestone,  inclasiye)  is  300  feet  (Mem.  Geol. 
r.,  Ezplanatioii  of  Quarter-sheet  93  S.W.}. 
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seismio  foons  rnoBt  bare  been  very  sligbt  Tbis  w  sbown  by — 
(1)  tbe  smallness  of  the  disturbed  area  oonsidering  the  intensity  of 
the  shock ;  and  (2)  the  horizontal  direction  of  the  motion  at  Walton, 
a  village  only  abont  half  a  mile  from  the  epioentram.  Bearing  in 
mind  also  the  nature  of  the  disturbances,  it  seems  to  me  therefore 
▼ery  probable  that  the  Yorkshire  earthquakes  were  due  to  the  falling 
of  masses  of  rook  in  caverns  of  the  magnesian  limestone. 

AfUhoritieB. — A  short  account  of  the  shock  is  given  in  the  "  Leeds 
Mercury  "  for  June  27.  But  for  most  of  the  observations  on  which 
tiie  above  description  is  founded,  I  am  indebted  to  the  kindness  of 
the  following  correspondents  :  Askhara  Bichard,  Mr.  T.  B.  N.  Miles ; 
Bilbrongh.  Miss  Metcalfe ;  Bolton  Percy,  the  Right  Rev.  the  Lord 
Bishop  of  Beverley ;  Collingham,  Rev.  G.  L.  Beckwith ;  Cowthorpe, 
Rev.  8.  H.  Ghiisford ;  Hunsingore,  Rev.  J.  J.  D.  Dent ;  Spofiforth, 
Mr.  R.  T.  Vyner;  Tockwith,  Mr.  F.  M.  Clarkson;  Walton,  Mr.  E. 
B.  Waits,  F.L.S.  The  details  with  reference  to  the  subsidence  of 
the  Sunderland  and  Ryhope  Road  are  taken  from  a  letter  by  Mr. 
Backhouse  in  the  << Sunderland  Daily  Echo"  for  Dec.  6,  1887. 

EiNTTBB  EaBTHQUAKK  .*   JULY  24. 

Time  of  occurrence,  lib.  87m. ;  Intensity,  V. 

I  did  not  hear  of  this  earthquake  until  some  months  after  its 
occurrence.  Partly  on  this  account  and  partly  from  the  difficulty  of 
obtaining  information  in  a  district  so  thinly  peopled,  1  can  give  but 
little  beyond  a  slight  description.  I  regret  this  the  more,  as  it 
would  have  been  interesting  to  have  traced  its  relations  with  the 
earthquake  felt  in  the  same  district  on  July  15,  1 889. 

Most  of  the  places  from  which  I  have  received  records  are  in- 
dicated on  the  map  of  the  earthquake  of  1889.^  These  places  are 
Clachan,  Glen  Saddell,  Gigha,  Eilberry,  Tayinloan  and  Whitehouse. 
At  Olachan  and  Tarbert  the  shock  was  accompanied  by  a  rumbling 
noise.  Thrpughout  the  island  of  Gigha,  to  the  west  of  Eintyre, 
a  rumbling  noise  was  heard,  but  the  shock  itself  was  not  perceived. 
Neither  shock  nor  sound  was  noticed  at  Bellochantuy,  nor  at 
Lochranza  in  the  island  of  Arran. 

With  evidence  so  slight,  it  is  not  possible  to  determine  the  outline 
of  the  disturbed  area.  It  cannot  have  differed  much  from  that  of 
the  year  before ;  towards  the  north  and  south  its  limits  may  have 
been  about  the  same ;  but  it  did  not  extend  so  far  towards  the  east. 
Its  epicentrum,  though  probably  not  very  distant  from  the  village  of 
Clachan,  must  therefore  lie  somewhat  to  the  west  of  that  of  the 
earthquake  of  1889. 

With  regard  to  the  nature  of  the  shock,  I  know  very  little.  At 
Clachan,  it  began  with  a  series  of  tremors  **  so  sharp,  short  and 
quick  as  not  to  be  easily  counted."  These  increased  in  intensity 
until,  at  the  end  of  twenty  seconds,  "a  vibration  was  felt  like  what 
would  be  caused  by  a  heavy  stone  falling  from  a  very  great  height." 

1  See  page  866  of  this  volume.  Tayinloan  is  abont  one  mile  N.  of  Killean ; 
Whitehoufle,  7  miles  £.  lb°  S.  of  Kilb^;  BeUocliantuy,  7^  miles  S.  10°  W.  of 
Xillean. 
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After  this  prominent  vibration,  or  "  blow,"  the  tremulons  motion 
was  again  felt,  and  lasted  for  five  seconds.  During  the  whole  time 
that  the  tremors  lasted,  a  sound  was  heard  "  resembling  the  noise  of 
stones  falling  down  a  chimney,"  loudest  at  the  moment  when  the 
" blow "  was  felt,  a  dull  " thud "  being  then  heard  "as  of  a  sup- 
pressed explosion." 

The  intensity  was  Y.  at  Claohan,  and  at  Tarbert  not  less  than  lY* 
About  noon  on  the  same  day,  a  second  shock  was  felt  at  Claohan ; 
but.  so  far  as  I  know,  by  one  observer  only. 

Authorities. — For  the  information  on  which  the  above  short 
account  is  furnished  I  have  pleasure  in  thanking:  Bellochantny, 
Miss  M.  Currie;  Clachan,  Rev.  J.  Cameron,  Mr.  A.  MoLellan; 
Glen  Saddell,  Mr:  J.  MoLeod,  of  Saddell ;  Gigha,  Mr.  R  A.  Cavana, 
Bev.  J.  F.  McKenzie;  Lochranza,  Hev.  J.  Johnstone;  Tarbert, 
Mr.  J.  Brown. 

Eabthquakes  at  Inveroarry  and  Fsddan. 
The  earthquakes  at  these  two  places^  are  interesting  owing  to 
their  possible  connexion  with  the  great  fault  which  follows  approxi- 
mately the  course  of  the  Caledonian  Canal.  Invergarry  lies  about 
a  mile  N.W.  of  the  centre  of  Loch  Oich,  and  Feddan  about  three 
miles  N.W.  of  the  centre  of  Loch  Lochy.  For  the  following  lists 
1  am  indebted  to  the  kindness  of  Mr.  John  Grant,  of  Invergarry, 
and  Mr.  Murdoch  Matheson,  of  Feddan,  both  of  whom  are  doing 
most  valuable  work  in  recording  the  occurrence  of  earthquake-shocks. 

Invergarry, 
Jan.     5.     2h.  30m.,  a  shock  of  intensity  lY. 
„  16h.  35m. 

16  h.  4:0  m. 
„  16h.  47m.,  like  a  heavy  carriage  passing. 

Jan.  19.  16  h.  55  m.,  the  same. 

Mar.  15.     8h.  45  m.,  resembled  the  noise  of  a  heavy  train. 
May  29.  16  h.  45  m.,  like  a  heavy  carriage  passing. 
Aug.    8.  15h.  35  m.,  the  same. 

Kov.  16.  20h.  30m.,  like  a  passing  train.    Though  occurring  at 
the  same  time  as  the  fourth  shock  of  the  Inverness 
series,  this  must  have  been  a  distinct  shock. 
Dec.     1.  lOh.  10m.,  a  slight  shock. 

Feddan, 
Nov.  19.     Ih.  83  m.,  a  very  slight  shock,  preceded  by  a  low 

rumbling  noise. 
Dec.  26.  ISh.  10m.,   a  loud   noise   resembling   thunder   heard, 
followed   by  a  trembling  motion,  lasting  fully  two 
minutes.      Almost  immediately   afterwards,   anotlier 
and  louder  sound  was  heard,  without  any  accompany- 
ing tremor. 
*  At  both  places,  the  ahockfl  are  recorded  by  only  one  observer,  and  sbould  there- 
fore, strictly,  be  regarded  as  doubtful  shoclu;  but  I  haye  placed  them  under  a 
separate  beading,  as  both  observers  have  for  several  years  diligently  recorded  ^e 
occurrence  of  every  shock  felt  by  them. 
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Doubtful  Earthquake. 

Jan.  6,  between  Ih.  and  2h.,  TuUiallan  (south  of  Perthshire). 

The  following  aocount  is  taken  from  a  paragraph  in  the  "  Perth- 
shire Advertiser  "  for  Jan.  8.  **  Between  one  and  two  o'clock  .... 
what  is  believed  to  have  been  an  earthquake  shock  was  distinctly 
felt  in  the  parish  of  TuUiallan.  The  night  was  extremely  stormy, 
with  thunder  and  heavy  sleet  showers.  But  readily  distinguishable 
from  the  sound  either  of  the  wind  or  of  the  thunder  there  arose 
a  roaring  noise  like  that  of  an  express  train  passing  at  full  speed, 
accompanied  by  a  trembling  sensation  of  the  ground,  4suoh  as 
Londoners  who  dwell  near  the  Underground  Railway  are  accustomed 
to.  The  noise  seemed  to  increase  in  intensity  as  it  approached,  and 
then  died  away  again  in  the  distance,  just  as  that  of  a  passing  train 
would  have  done.     There  is  no  railway  within  several  miles." 

This  is  the  only  account  I  have  been  able  to  obtain.  From  the 
description,  it  is  obvious  that  the  shock  closely  resembled  that  of  an 
earthquake,  but,  considering  the  circumstances  of  its  occurrence,  the 
evidence  is  not  sufficient  in  itself  to  establish  its  seismic  origin. 


IV. — Lower  Qreensand  and  Purbeoks  in  the  Vale  of 

Wardour,  Wilts. 

By  the  Eev.  P.  B.  Beodie,  M.A.;  F.G.S. 

IN  the  Geological  Maoazinb  for  July  last  the  Rev.  W.  Andrews 
and  Mr.  Jukes-Browne  gave  an  account  of  Lower  Cretaceous 
strata  in  the  Vale  of  Wardour.  I  can  bear  testimony  to  the  correct- 
ness of  this  statement.  Many  years  ago,  when  geologizing  in  the 
vale  chiefly  among  the  Purbecks,  I  found  many  portions  of  iron- 
stone and  hard  ferruginous  sandstone,  in  the  fields  and  by  the  road- 
side both  at  Dinton,  Tefifont  and  especially  at  Chilmark,  containing 
casts  of  Cyrena,  Turritella,  and  a  part  of  a  dermal  scute  of  a  Saurian, 
which  I  believe  belong  to  the  Lower  Qreensand,  but  I  never  saw  it 
tfi  situ,  and  it  seems  to  have  been  greatly  denuded.  A  few  years 
ago,  after  an  absence  of  nearly  fifty  years,  I  paid  another  visit  to 
some  of  my  old  haunts  in  this  beautiful  district,  in  company  with 
Mr.  Andrews,  who  was  anxious  to  find  out  the  exact  spot  where  I 
obtained  insects,  fish  and  Archaoniscus ;  but  after  a  careful  search  no 
trace  of  the  old  quarry  could  be  seen,  and  the  place  was  filled  up 
and  overgrown  with  bushes.  In  no  other  locality  in  the  Vale  has 
a  similar  limestone  been  found,  though  Archaoniscus  and  a  few 
remains  of  insects  occur  lower  down  in  the  Middle  Purbecks  at  the 
lime  quarry  above  TefFont  Rectory,  where  Mr.  Andrews  has  obtained 
several  new  and  interesting  fish,*  plants,  and  other  organisms.  At 
Dinton  the  insects  were  fairly  abundant,  and  Archaoniseus  especially 

*  ^  Among  these  fish  is  CoecoUpit  Andr^wsii,  A.  S.  Woodw.,  which  is  allied  to 
JPaiaonitcutt  and  is  now  in  the  Jermyn  Street  Museum.    Mr.  Smith  Woodward 


lately  showed  me  another  remarkable  small  fish  sent  to  him  by  Mr.  Andrews  from 
Teffont,  which  the  former  will  shortly  figure  and  describe.  These,  added  to  the 
others  long  ago  figured  and  described  irom  Dinton,  make  a  most  interesting  list  of 


new  forms  from  the  Wiltshire  Purbecks.    The  other  genera  from  Te£font  include 
2*i€urophoii9,  Microdm,  showing  the  teeth  in  tUu^  and  Lepidotua  minwr. 
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80.  It  seems  probable  that  the  insect  limestone  below  the  AroheBO- 
niscuB  bed  there  is  of  limited  extent,  though  if  pits  were  opened  at 
the  same  spot  more  of  the  limestone  would  be  found. 

The  cutting  in  the  railway  olose  by  exposed  the  Isopod  limestone 
but  no  traoe  of  the  Insect  bed  was  seen,  as  the  excavation  at  this 
spot  was  not  deep  enough  to  reach  it.  At  Chicksgrove,  in  the  large 
quarry  then  opened  near  Tisbnry,  at  the  base  of  the  Purbecks,  I 
only  obtained  one  elytron  of  a  beetle,  but  some  Arehmaniacus  very 
much  larger  than  those  at  Dinton  and  Teffont  This  may  be  a 
new  species,  but  has  not  been  figured  or  described.  It  is  twice  as 
large  as  the  specimen  figured  in  Fossil  Insects,  pi.  i.  fig.  7.  Owing 
to  the  rough  nature  of  the  matrix,  probably  '  the  cap '  of  the  Isle 
of  Portland,  these  are  not  so  well  preserved  as  those  from  Dinton 
and  Teffont  This  Isopod  Crustacean  evidently  ranged  from  the 
base  of  the  Lower  Purbecks  at  Chick  sgrove,  through  the  lower  part 
of  the  Middle  Purbecks  at  Teffont  to  the  upper  division  at  Dinton. 
In  one  specimen  of  ArchoBoniseua  from  Durlstone  Bay,  Dorset,  the 
Isopod  is  lying  on  its  back,  showing  all  the  legs  folded  together  under 
the  abdomen, — the  only  example  I  ever  obtained  in  this  position. 
The  recent  discovery  by  Messrs.  Andrews  and  Browne  of  Upper 
Purbecks  in  the  Vale  of  Wardour,  hitherto  supposed  to  be  absent, 
is  of  much  interest  to  geologists,  especially  to  those  who,  like  myself, 
have  long  studied  these  beds. 

V, — Note  on  an  Undescbibed  Abba  or  Lowsk  Greensand 
OB  Veotian  in  Dobset. 

By  A.  J.  Juus-Bbownb,  B.A.,  F.G.S. 
Commanicated  by  pemuBsion  of  the  Director  General  of  the  Geological  Survey. 

UNTIL  recently  no  outcrop  of  the  Vectian  or  Lower  Greensand 
was  known  to  occur  between  Lulworth  on  the  coast  of  Dorset 
and  the  neighbourhood  of  Devizes  in  Wiltshire.  It  was  supposed 
that,  with  the  exception  of  a  small  area  of  Wealden  in  the  Vale  of 
Wardour,  the  whole  of  the  Lower  Cretaceous  Series  in  Dorset  and 
South  Wilts  was  concealed  and  buried  beneath  the  overlapping 
Upper  Cretaceous  strata.  A  recent  examination  of  this  district 
however  has  revealed  two  areas  where  the  Vectian  sands  emerge 
from  beneath  the  Gault.  One  of  these  has  already  been  indicated 
in  the  pages  of  the  Geological  Magazine;^  the  other  is  the  subject 
of  the  present  communication. 

Keference  to  the  Geological  Survey  Map,  Sheet  16  will  show  that 
the  Gault  was  supposed  to  thin  out  and  disappear  near  Shaftesbury 
80  as  to  allow  the  Upper  Greensand  to  rest  directly  on  the  Kiraeridge 
Clay.  This  proves  to  be  a  mistake ;  the  Gault  is  continuous  l>elow 
the  Upper  Greensand  into  and  beyond  the  valley  of  the  Stour. 
Moreover,  two  miles  south  of  Shaftesbury  and  a  little  east  of  the 
hamlet  of  Twyford  a  tract  of  sand  emerges  from  beneath  the  Gault 
and  forms  a  terrace  which  for  a  little  distance  has  an  escarpment  of 

'  The  Lower  Cretaceous  Series  ia  the  Vale  of  Wardour,  hy  A.  J.  Jukes- Browne 
and  W,  R.  Andrews,  Gbol.  Mao.  lor  July,  1891,  p.  292. 
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its  own.  Near  Bedohester  this  terraoe,  or  dip-fllope,  is  nearly  half 
a  mile  wide ;  thenoe  it  oan  be  traced  sonthwai^  to  Farnngton,  where 
it  bends  westward,  still  making  a  prominent  feature,  and  passing 
above  Fontmell  Parra  it  runs  into  a  hollow  by  Child  Okeford  on  the 
eastern  side  of  the  Stour  valley. 

The  length  of  this  traot  is  between  four  and  five  miles,  but  only 
two  good  exposures  have  yet  been  found  along  it  These  are,  how- 
ever, sufficient  to  give  some  interesting  details  of  the  beds  which 
constitute  it.  One  of  them  is  a  road-cutting  by  Piper's  Mill,  between 
Bedchester  and  Fontmell  Magna,  and  to  expose  this  more  clearly 
two  narrow  trenches  were  out  down  the  bank.  By  this  means  the 
following  beds  were  observed : — 

Feet 

Brown  loamy  soil       1  to  2 

Mottled  brown  and  grey  clay  containing  in  the  lower  part 
pebblee  of  Yein  quartz  and  lydianite  as  large  as  beans 

(P  base  of  Ganlt) 2 

Greenish-brown  sand  with  clay  mottlings       2 

Soft  purple  brown  clay  (1  foot)  passing  into  dark  green 
sandy  clay,  with  lanun»  of  purple  clay  and  patches  of 
peenish-Drown  sand,   and  nnally  into  mottled  sand, 

brown,  yellow^  and  CTeen      6 

Purple  black  laminatea  clay  and  sand      1 

Greenish-black  clay  full  of  glauconite  grains  ...     

Hard  brown  sandstone  cemented  with  oxide  of  iron 

Kather  coarse  yellowish-brown  sand 

Fine  soft  greenish-grey  sand,  seen  for     

about    18 

The  other  exposure  in  a  sand-pit  east  of  Bedchester  seems  to 
begin  where  this  leaves  off.  It  shows  remnants  of  the  ferruginous 
sandstone  underlain  by  greenish-brown  sand  with  two  layfers  of 
coarse  yellowish  sand  and  then  6  feet  of  fine  greenish  brown 
sand^  below  which  is  some  5  or  6  feet  of  dark-green  glauconitio 
sand.  This  last  is  well  exposed  along  the  gully  of  the  watercourse 
that  runs  by  this  spot  toward  Piper's  Mill. 

From  these  particulars  it  appears  that  the  total  thickness  of  the 
sands  near  Bedchester  is  at  least  80  feet,  and  probably  between 
30  and  40  feet.  There  are  some  thin  layers  of  coarse  quartz  sand 
in  the  upper  part,  but  the  greater  part  is  fine  sand  consisting  of 
small  even-sized  grains  of  quartz  (not  much  rounded),  and  grains 
of  dark-green  glauconite,  many  of  which  are  smaller  than  the 
quartz-grains. 

The  occurrence  of  the  dark  glauconitic  mud  or  clay  is  particularly 
interesting,  both  as  showing  that  we  are  not  here  dealing  with  a 
littoral  or  very  shallow  water  deposit,  and  also  because  a  similar 
bed,  consisting  of  black  clay  in  the  upper  part  and  dark  greensaud 
below,  was  found  in  the  Vectian  of  the  Vale  of  Wardour.  The  bed 
at  Piper's  Mill  appears  to  consist  of  an  intimate  mixture  of  dark 
purple-grey  clay  and  very  fine  glauconitic  sand,  chiefly  glauconite, 
with  some  minute  grains  of  quartz  and  mica. 

It  may  be  mentioned  that  a  boring  made  at  Fontmell  Brewery 
a  few  years   ago  has  been  carried  through  the  Gault  into  sand 
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fiimilar  to  that  above  desoribed,  and  a  good  supply  of  water 
obtained  which  rises  above  the  surface  of  the  ground. 

It  is  also  worthy  of  note  that  this  emergent  tract  of  Yectian  sand 
is  the  most  westerly  exposure  yet  known,  with  the  exception  of 
that  near  Lul worth  Cove,  which,  however,  is  of  much  smaller  size, 
compared  with  the  tract  above  mentioned.  It  happens  too  that  this 
tract,  and  that  near  Lulworth,  are  almost  exactly  on  the  same  line 
of  longitude. 

Considering  its  position,  the  amount  of  glauoonite  present,  the 
fineness  of  the  sand,  and  the  existence  of  interstratified  clay  are 
remarkable  facts,  suggesting  that  the  deposit  was  formed  at  some 
distance  from  a  shore-line.  Comparison  with  the  exposures  near 
Devizes  and  Seend  certainly  suggests  that  the  latter  were  formed  in 
much  shallower  water  and  much  nearer  a  ooast-line. 


VI. — On  a  Speoiubn  or  Waldheimia  perforata  (Pibttb),  showino 
Original  Coloub-uaskinos. 

By  Edwakd  Wilbow,  F.G.S., 
Curator  of  the  Bristol  Musenm. 

ri^HE  retention  of  the  original  colour- markings  amongBt  fossil 
JL  Brachiopoda  is  a  somewhat  rare  occurrence :  the  following 
striking  instance  therefore  seems  worthy  of  record. 

It  is  true  that  Deslongchamps  in  the  Paleontologie  Fran9aise 
mentions  the  colours  of  a  number  of  Jurassic  Brachiopods,  but  in 
nearly  all  these  cases  the  colours  are  spoken  of  as  if  uniformly  dis- 
tributed and  not  patterned  over  the  shells,^  and  therefore  we  cannot 
be  sure  that  they  are  original  and  not  subsequently  produced. 

Of  British  fossil  Brachiopods  which  show  the  colour-markings, 
TerebrattUa  hasiata  and  Discina  nttida  respectively  from  the  Carboni- 
ferous Limestone  of  Longnor,  Derbyshire  and  Hamilton,  Scotland, 
Terehratula  intermedia  from  the  Cornbrash  of  WoUaston,  and  Tere- 
hratula  biplicata  from  the  Upper  Greensand  of  Cambridgeshire,  are 
examples.'  In  these  cases  the  colour-marks  are  generally  in  the 
form  of  radial,  i.e,  vertical  bands  or  striae. 

The  specimen  to  which  I  now  call  attention  is  one  belonging  to 
the  species  Waldheimia  perforata^  Fiette,  and  comes  from  the  Lower 
Lias  of  Bitten,  Gloucestershire. 

The  colour  indications  on  this  shell  are  in  the  form  of  clearly 
defined  concentric  bands  of  black  and  white  of  varying  breadth, 
conforming  approximately  but  not  rigidly  with  the  lines  of  growth. 
The  bands  of  colour  are  bilaterally  symmetrical,  and,  what  is  still 
more  important  as  indicating  that  they  are  original,  correspond  in 
the  two  valves,  except  that  as  we  should  expect  they  are  broader  in 
the  larger  and  more  rapidly  growing  ventral  valve,  and  show  a 
tendency  in  that  valve  to  split  up  into  smaller  rings.  Commencing 
at  the  beaks  we  have  in  each  valve  a  white  circular  area  crossed  by 

^  The  colour  of  Waldheimia  perforata  for  example  is  given  by  this  author  as 
**bnin  fence  violac^." 
*  Vide  T.  Davidson,  Palienot.  Soc,  British  Fossil  Brachiopoda,  vols.  i.  ii.  and  iv* 
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three  nearly  equidistant  and  narrow  black  rings,  then  a  broad  black 
band  which  in  the  ventral  valve  is  imperfectly  divided  into  three 
black  rings  by  two  narrow  white  streaks ;  then  a  broad  white  lunate 
area  shading  off  into  black  towards  the  horns,  and  finally  a  broad 
black  band  which,  with  the  exception  of  a  slight  white  mottling  in 
the  ventral  valve,  extends  without  interruption  to  the  frontal  margin. 
What  the  actual  colours  were  in  the  living  shell  it  is  impossible  to 
say,  but  from  the  markings,  still  retained,  in  this  solitary  specimen, 
Waldheimia  perforata  appears  to  have  been  a  decidedly  handsome 
organism. 


Waldheimia  perforata,  Piette,  showing  original  colour-markings, 
a,  front  view ;   b,  back  view.    Both  natural  size. 

The  above  specimen  is  a  full-grown  and  typical  example  of  the 
species,  23  ram.  long,  20  mm.  broad,  and  13  mm.  in  its  greatest 
antero-posterior  diameter.  It  was  found  by  my  friend  Mr.  J.  W. 
D.  Marshall,  of  Bristol,  in  whose  excellent  collection  of  British 
Jurassic  Brachiopoda  it  now  is,  at  the  riverside  quarry.  Stout's  Hill, 
Bitten,  where  the  species  is  by  no  means  rare.  The  specimen  was 
not  actually  found  in  sMy  but  the  beds  from  which  it  was  undoubtedly 
derived  are  usually  referred  to  the  zone  of  Ammonites  Bucklandi. 
From  the  prevalence,  however,  of  the  typical  ammonite  and  the 
general  character  of  the  associated  organisms  here  as  well  as  at 
other  places  in  the  Bristol  district,  I  am  inclined  to  think  that  this 
fossil  comes  from  the  zone  of  Ammonites  angulatus. 


VII. — Notes  on  the  Altered  Coniston  Flags  at  Shap. 
By  W.  Matna&d  Hutchinos,  Esq. 

THE  alteration  undergone  by  the  Coniston  Flags,  owing  to  the 
intrusion  of  the  Shap  granite,  has  been  well  and  fully  described 
by  Messrs.  Harker  and  Marr  in  their  most  able  and  interesting 
paper,  read  before  the  Geological  Society  in  the  spring  of  this  year, 
**  The  Shap  Granite  and  the  Associated  Igneous  and  Metamorphic 
Rocks"  (Q.J.G.S.  vol.  xlvii.  1891). 

I  have  worked  a  great  deal,  microscopically,  on  the  rocks  of  this 
district,  both  before  and  since  the  publication  of  the  results  of 
Harker  and  •  Marr,  and  this  work  has  enabled  me  in  a  special 
manner  to  appreciate  the  quality  and  value  of  their  investigations 
in  this  complicated  and  interesting  region.  I  was  so  fortunate,  two 
summers  ago  as  to  spend  some  time  at  Shap  with  Mr.  Marr,  who 
most  kindly  assisted  me  to  understand  some  of  the  problems 
involved,  and  pointed  out  to  me  the  places  where  specimens  of 
special  interest  could  be  collected. 
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For  oertain  reasons  I  hare  taken  mnch  iniereat  in  the  altered  flags 
of  Wasdale  Beok,  and  have  this  summer  paid  another  visit  and 
collected  a  large  number  of  fresh  specimens,  from  which.  I  have  had 
sections  prepared. 

It  may  be  worth  while  to  note  one  or  two  of  the  resnlts  of  the 
study  of  these  and  former  sections,  though  'all  the  main  points  as 
regards  these  rocks  have  been  so  completely  dealt  with  in  the 
above-mentioned  paper. 

There  are  two  contact-minerals  to  record  not  previously  observed 
here  by  Harker  and  Marr,  nor  by  myself,  viz.  hornblende  and  garnet. 
The  former  occurs  in  large  quantity  in  two  of  my  sections  several 
hundred  yards  above  the  falls  near  the  hotel,  but  before  the  develop- 
ment of  any  of  the  "spots"  in  the  altered  flags.  It  is  a  very 
pale-green  variety;  so  pale  that  in  very  thin  sections  its  colour 
and  dichroism  are  barely  perceptible.  I  suppose  that,  though  not 
quite  colourless,  it  may  be  reckoned  as  tremolite,  to  which  variety 
the  hornblende  of  contact-slates,  etc,  is  usually  referred.  The 
extinction-angles  are  mostly  16°  to  18°,  but  sometimes  higher.  It 
occurs  as  good-sized  irregular  grains,  long  prismatic  bits  with 
ragged  ends,  and  small  fragments  disseminated  through  the  rock* 
The  amount  of  brown  mica  present  is  very  much  diminished  in  the 
sections  which  contain  hornblende. 

My  specimens  are  not  sufficiently  frequent  to  determine  the  points 
of  appearance  and  disappearance  of  the  hornblende  along  the  course 
of  the  stream ;  but  at  one  point  a  section  very  full  of  it  was  taken 
a  few  feet  away,  lattralljfy  from  another  section  which  does  not 
contain  a  trace  of  the  mineral. 

Harker  and  Marr  point  out  that,  as  the  strike  of  these  beds 
coincides  very  closely  with  the  line  of  exposure  along  the  stream, 
we  need  not  expect  any  variation  in  the  original  nature  of  the  rooka. 
But  they  must  have  varied  a  good  deal  within  narrow  limits  aerosM 
the  strike.  These  homblendic  specimens  are  dififerent  in  several 
ways  from  the  more  normal  rock,  notably  in  the  amount  and  size  of 
the  quartz  present.  Doubtless,  also,  they  were  originally  oalcaieoua 
bands,  while  most  of  the  flags  exposed  in  the  beck  were  not. 

Somewhat  higher  up  the  stream,  and  at  about  the  same  stage  as 
the  development  of  decided  *'  spots,"  the  garnet  appears  in  great 
force.  It  is  quite  colourless  and  quite  isotropic,  with  large  amounts 
of  included  granular  and  microlithic  material  not  determinable. 
The  garnets  are  mostly  in  the  form  of  crystals,  but  also  as  rounded 
and  irregular  grains.  The  lai^st  have  a  diameter  of  7^  inch. 
They  are  mostly  pretty  evenly  dispersed  and  occur  indifferently  in 
the  spots  and  in  the  surrounding  mosaic,  but  at  some  parts  of  the 
slides  they  are  aggregated  into  large  clusters  and  pack& 

This  mineral,  again,  seems  to  be  very  local  in  its  oocnrrence, 
appearing  and  disappearing  within  a  distance  of  a  few  yards  along 
the  slide,  and  of  a  few  feet  across  it. 

One  of  my  objects  in  taking  a  new  series  of  specimena  was  to 
endeavour,  if  possible,  to  obtaia  more  evidence  as  to  what  is  the 
zeal  nature  of  the  substance,  or  substancea,  in  course  of  formation  in 


Digitized  by  VjOOQIC 


JFl  M.  Hutching^ — ConUton  Flags  at  Shap.  461 

the  comparatiyely  olear  **  spots  "  which  are  so  prominent  a  result  of 
the  alteration  of  these  rocks.  In  this  I  have  not  been  sucoessfuL 
All  the  spots,  howeyer,  are  not  of  the  same  nature.  In  some  oases 
they  appear  to  consist  almost  wholly  of  white  mica.  In  others,  after 
much  obseryation  and  comparison  with  other  con  tact- specimens,  I 
am  of  opinion  that,  as  suggested  by  Harker  and  Marr,  andalusite  is 
the  mineral  being  formed.  But  that  mineral,  in  definite  recognizable 
form,  does  not  occur  in  any  of  my  sections.  In  other  slides,  again, 
the  material  of  the  spots  is  quite  different  from  either  of  the  pre- 
ceding and  quite  beyond  any  attempt  at  identification. 

Messrs.  Harker  and  Marr  are  of  opinion  that  probably  a  good  deal 
of  felspar  is  formed  in  these  altered  flags,  together  with  the  mosaic 
of  regenerated  quartz.  There  are  few  questions  of  greater  interest 
than  that  of  the  formation  of  new  felspar  in  sedimentary  rocks» 
whether  by  contact  or  by  regional  metamorphism,  and  any  instance 
brought  forward  is  important  Such  instances  are  not  very  numerous^ 
and  some  of  them  do  not  appear  to  be  by  any  means  fully  accepted. 
Jn  the  case  of  these  rocks  in  Wasdale  Beck  I  have  made  every  effort 
to  obtain  proof  of  the  ooourrenoe  of  felspar,  but  without  any  success. 
All  the  grains  of  the  mosaic  are  perfectly  limpid.  Many  suggest 
felspar  by  their  outlines,  as  stated  by  Harker  and  Marr,  and  there  is 
decidedly  an  impression  prodaoed  that  the  mineral  is  there.  But  of 
scores  of  tests  in  convergent  light,  made  on  promising-looking 
grains,  not  a  single  one  has  given  proof  of  a  biaxial  mineral,  which 
would  in  this  case  be  sufficient  confirmation.  The  sections  for 
studying  this  class  of  rock  are  necessarily  very  thin ;  but  with 
equally  thin  slices  of  some  of  the  neighbouring  altered  volcanic 
rocks  with  quartz-felspar  mosaic,  it  is  quite  easy  to  pick  out  and 
identify  the  felspar  grains.  Although  it  is  by  no  means  unlikely 
that  felspar  is  present,  I  prefer  to  consider  it  as  not  proved,  so  far 
as  any  of  my  own  specimens  are  concerned. 

Although  on  a  minuter  scale,  great  interest  attaches  to  the  changes 
which  are  undergone,  during  the  alteration  of  rocks  in  this  class, 
by  the  minerals  oonsisting  wholly  or  largely  of  titanic  acid ;  and 
these  flags  of  Wasdale  Beck  are  specially  suited  for  observing  these 
changes,  as  we  may  here  see  several  of  them  together  which  have  been 
noticed  elsewhere  singly  by  different  observers  at  different  places. 

At  the  falls  near  the  hotel,  where  alteration  is  already  well 
advanced  as  regards  formation  of  brown  mica  and  is  distinctly  com- 
mencing as  regards  regeneration  of  quartz,  we  still  see  the  original 
"  clay-slate  needles  "  in  considerable  numbers.  They  are  of  very 
small  size.  The  only  change  seems  to  be  that  they  are  not  as  equally 
diffused  as  in  the  original  rocks,  having  apparently  commenced  to 
disappear  at  some  parts  of  each  slide  examined.  A  few  yards  higher 
up,  with  much  increased  development  of  brown  mica  and  regenerated 
quartz,  these  minute  rutiles  have  disappeared ;  and  in  due  course, 
as  the  new  limpid  mosaic  is  developed,  we  note  the  appearance  of 
rounded  and  ovoid  grains  of  rutile  and  of  crystals  of  that  mineral, 
which  are  much  larger  and  relatively  thicker  and  blunter  than  the 
original  needles.    These  things,  together  with  other  indeterminable 
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granular  and  microlitbio  bodieSi  appear  in  the  grains  of  regenerated 
quartz  and  assist  in  distinguishing  it  from  the  still  remaining 
clastio  fragments. 

At  another  stage  still  larger  rutile  crystals  are  seen  in  groups 
and  interlacing  clusters,  mustering  strongly  at  some  parts  and 
wholly  absent  from  others. 

In  some  of  the  sections  where  '*  spots "  are  strongly  developed, 
clusters  of  beautiful  little  crystals  of  anatase  are  seen,  as  recorded 
by  Barker  and  Marr.^ 

At  the  time  when  they  introduced  the  note  on  this  mineral  into 
their  paper  it  had  been  only  seen  by  me  in  one  section.  I  now  have 
several,  from  different  points  along  the  beck,  in  which  it  is  plentifully 
represented,  not  only  as  clusters  in  the  spots,  but  also  scattered 
about  in  the  mosaic. 

This  appears  to  be  a  rare  case,  as  Mr.  Barker  tells  me  that 
anatase  is  only  once  previously  recorded  (by  Lessen)  as  a  contact- 
mineral.  It  is  a  very  interesting  fact  that  titanic  acid  as  original 
slate-needles  is  reabsorbed  in  some  manner,  and  then  reappears, 
in  one  and  the  same  rock,  either  as  rutUe  or  as  anatase,  and  that  the 
latter  clusters  thickly  in  special  spots. 

Another  form  in  which  the  titanic  acid  reappears  is  in  combination 
with  lime  and  silica  as  sphene,  granules  of  which  are  abundant  in 
some  of  the  sections,  though  none  is  seen  till  after  the  disappearanoe 
of  the  original  rutile-needles. 

Again,  at  some  parts  of  these  rooks  we  have  abundant  minate 
transparent  plates  of  ilmenite,  lai^ly  as  perfect  hexagonal  crystals, 
thickly  grouped  together  in  the  spots  in  just  the  same  manner  as 
we  have  the  anatase.  This  appearance  of  ilmenite  in  contact-rocks, 
with  the  corresponding  disappearance  of  original  mtile,  is  pointed 
out  by  Kosenbasch  {"  Massige  Gesteine  "). 

Finally,  where  veins  of  white  mica  are  formed,  we  may  see,  in 
and  along  the  edges  of  these  little  veins,  large  crystals  and  grains 
of  rutile,  many  times  larger  than  any  so  far  mentioned,  resembling 
in  size  and  form  those  which  are  seen  so  abundant!}''  in  some  schists. 

The  occurrence  of  anatase  in  this  manner  being  apparently  so 
rare,  it  may  be  of  interest  to  mention  that  I  have  recently  observed 
another  instance  of  it.  A  specimen  of  ''  ash,"  or  fine-grained  tuff, 
which  I  collected  this  summer  at  Falcon  Crag,  Derwentwater,  is 
made  up  in  about  equal  parts  of  volcanic  lapilli  and  small  fragments 
of  sedimentary  rocks.'   Some  of  these  fragments  are  of  aliered  rooks, 

*  These  crystals,  when  best  developed,  are  about  ^ifcr  >nch  long.  The  form  is 
that  of  a  tetragonal  pyramid,  either  simple  or  showing  also  prism-faces  in  narrow 
bands.  In  some  of  the  later  specimens  there  are  large  clusters  oonaistiflg  almost 
wholly  of  perfect,  or  nearly  peHect  crystals. 

'  These  fragments  of  sedimentary  rock  are  of  various  slates  and  grits.  Some  are 
very  micaceous  and  chloritic,  not  very  quartzy,  full  of  *<  clay-slate  needles,**  and  not 
altered  in  any  way.  They  are  like  many  common  types  of  slates.  Othen  are  very 
quartzy,  more  like  the  flags  at  Wasdale  Beck,  but  even  ncher  in  quartz.  The  alterataoa 
of  part  of  these  is  shown  by  formation  of  some  of  the  **  regenerated  "  quartz,  and  la 
some  cases  brown  mica  is  formed,  though  this  is  not  much  developed,  a  whito  mica 
in  good-sized  flakes  being  more  usual.  It  is  in  these  altered,  more  quartzy,  giits 
or  nags,  or  whatever  they  may  be  best  caUed,  that  the  anatase  crystals  are  seen. 


Digitized  by  VjOOQ IC 


Notices  of  Memoirs — British  Association,  463 

tbe  nature  of  the  original  material  and  of  the  alteration  being  some- 
what like  what  we  have  in  Wasdale  Beck;  and  in  these  altered 
fragments  several  crystals  of  anatase  occur,  similar  in  all  respects 
to  those  described.  They  are  not  clustered  together,  but  scattered 
about ; — the  alteration  of  the  rocks  has  not  proceeded  so  far  as  the 
development  of  any  spots* 
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L — British  Assooiation  fob  tbb  Advanoembmt  of  Soibngb. 
Cardiff  Mbetimg,  August  20th  to  2oth,  1891. 

List  of  Titles  of  Papbrs  Rbad  in  Sbction  C,  Gboloot. 

Professor  T.  Bopebt  Jonbs,  F.B.S.,  F.G.S.,  President. 

The  President's  Address. 

Sir  A.  Oeikie, — Discovery  of  the  Olenellus-zone  in  the  North-west 
Highlands. 

Sir  A,  Geikie. — On  some  Becent  Work  of  the  Geological  Survey  on 
the  Arobfean  Gneiss  of  the  North-west  Highlands. 

A.  Smith  Woodward. — Beport  of  the  Committee  on  the  Begistration 
of  Type  Specimens. 

A.  Smith  Woodward. — Bemarks  on  the  Lower  Tertiary  Fish  Fauna 
of  Sardinia  (see  infra,  p.  466). 

A,  Smith  Woodward. — Evidence  of  the  Occurrence  of  Pterosaurian 
and  Plesiosaurian  Beptiles  in  the  Cretaceous  of  Brazil. 

A.  J.  JukeS' Browne. — ^The  Cause  of  Monoclinal  Flexure. 

A.  J.  JukeS' Browne. — Note  on  an  undescrihed  area  of  Lower  Green- 
sand  or  Yectian  in  Dorset  (see  supra,  p.  456). 

A.  C.  O.  Cameron. — On  the  Continuity  of  the  Kellaways  Beds  over 
extended  areas  near  Bedford,  and  on  the  extension  of  the  Fuller's 
Earth  Works  at  Woburn,  Bedfordshire. 

Prof.  W.  Boyd  Dawkins. — On  the  Discovery  of  the  Sonth-Eastem 
Coalfield. 

W.  Topley. — The  Geology  of  Petroleum  and  Natural  Gas. 

O.  C.  Dalhousie  Boss. — The  Origin  of  Petroleum. 

Dr.  H.  Hicks. — A  Comparison  between  the  Bocks  of  South  Pembroke- 
shire and  those  of  North  Devon. 

W.  A.  E.  Ussher. — Vulcanicity  in  the  Lower  Devonian  Bocks.  The 
Prawle  Problem. 

A.  B.  Hunt. — On  the  Occurrence  of  Detrital  Tourmaline  in  a  Quartz- 
Schist  west  of  Start  Point,  South  Devon  (see  infra,  p.  465). 

C.  E.  De  Bancs. — Beport  of  the  Committee  on  the  Circulation  of 
Underground  Waters. 

C.  E.  De  Bancc— Notes  on  the  Discovery  of  Estheria  minuta  (var. 
Brodieann)  in  the  New  Bed  Sandstone. 

O.  W.  Jeffs. — Beport  of  the  Committee  on  Geological  Photographs. 

Montagu  Browne. — On  Colohodus,  a  Genus  of  Mesozoic  Fossil  Fishes. 

C.  Davison, — Beport  of  the  Committee  on  Earth  Tremors. 
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Dr.  K  J.  Johnstan-Lavis. — Beport  of  the  Committee  on  the  Volcanic 

Phenomena  of  Yesuyius. 
Sir  B,  8.  BaH — The  cause  of  an  Ice  Age. 

Dr,  H.  W.  OoMfcey.— Beport  of  the  Committee  on  Erratic  Blocks. 
Dr,  H,  W.  Crossk&y. — Notes  on  the  Glacial  Geology  of  Norway. 
Frof.   O,  Frederick  Wright, — Becent   Discoveries  hearing  on    the 

Belation  of  the  Glacial  Period  in  North  America  to  the  Antiqaitj 

of  Man. 
Dr.  H.  Hicks. — On  the  Evidences  of  Glacial  Action  in  Pemhroke- 

shire,  and  the  Direction  of  Ice-flow. 
H.  Bolton. — On  some  Boulders  at  Darley  Dale. 
P.  jP.  Kendall. — On  a  Glacial  Section  at  Levenshulme,  Manchester. 
Frof.  O.  Frederick  Wright. — Becent  Discoveries  in  the  Pleistocene 

Lava  Beds  of  California  and  Idaho. 
B.  Harrison, — Beport  of  the  Committee  on  Excavations  at  Oldhury 

Hill. 
Frof.  J.  Frestmch, — Preliminary  Note  on  Excavations  at  Oldhnry 

Hill. 
Bev.  E.  Jones. — Beport  of  the  Committee  on  Elbolton  Cave,  near 

Skipton. 
J.  Storrie. — On  the  Occurrence  of  Fachytheca  spharica,  Hooker,  and 

Nematophycus,  n.sp.,  in  the  Wenlock  Beds  at  Ty  Mawr  Quarry^ 

Bumney. 
Beehy  Thompson. — Beport  of  the  Committee  on  the  Lias  of  Nortk- 

amptonshire. 
Frof.  J.  Hoyes  Fanton. — The  Mastodon  and  Mammoth  in  Ontario, 

Canada. 
E.  T.  Newton. — On  the  Occurrence  of  Ammonites  jurensis  in  the 

Ironstone  of  the  Northampton  Sand  Series  near  Northampton. 
S.  S.  Buckman, — The  Ammonite  Zones  of  Dorset  and  Somerset. 
O.  R  Vine.  —Notes  on  the  Polyzoa  (Bryozoa)  of  the  Zones  of  the 

Upper  Chalk. 

Papers  read  in  other  Sectionfi  bearing  on  Greology : — 

Section  A. — Mathematical  and  Physical  Science. 

Frof.  J,  Milne f  F,RS.  --Beport  of  the  Committee  on  the  Yolcaaio 

and  Seismological  Phenomena  of  Japan. 
Frof.  J.  Milne,  F.B.8. — On  Phenomena  which  might  he  ohservable, 
if  the  Hypothesis  that  Earthquakes  are  connected  with  Electrical 
Phenomena  he  entertained. 

Section  B. — Chemical  Science. 
Frof.  W.  C.  BohertS' Austen,  C.B.,  F.B.S.,  and  Frof.  A.  W.  B^ker, 
F.B.S.— The  Specific  Heat  of  Basalt 

Section  E. — Geography. 

Dr.  Pften^.^-Changes  in  Coast  Lines. 

Section  H. — Anthropology. 

E.  Seward. — On  the  formation  of  a  Becord  of  the  Prehistoric  and 
Ancient  Bemains  of  Qlamorganshire. 
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II. — Bkuarks  on  thb  Miocene  Fish-Fauna  of  Sardinia.    By  A. 
Smith  Woodward,  F.G.SJ 

r[E  antboT  referred  to  a  series  of  fragmentary  fish-remains  from 
the  Miocene  in  the  neighbourhood  of  Cagliari,  Sardinia,  collected 
and  submitted  for  examination  by  Prof.  D.  Lovisato.  A  memoir 
on  the  subject  by  Prof.  F.  Bassani  (see  tn/ra»  p.  476)  had  lately 
appeared,  and  the  present  communication  contained  only  brief  sup- 
plementary observations.  In  addition  to  the  Selachian  genera  and 
species  recognized  by  Bassani,  the  author  identified  teeth  of  ScymnuSt 
Oxyrhina  Deaori,  Galeus,  Aprionodon,  and  probably  Physodon,  besides 
dermal  scutes  of  Trygon.  The  collection  comprises  no  evidence  of 
ganoid  fishes,  and  most  of  the  remains  of  teleosteans  are  too  imperfect 
even  for  generic  determination.  Traces  of  Scomberoids  and  Labroids 
occur,  and  there  is  evidence  of  a  new  species  of  the  Berycoid 
Holocentrum.  Teeth  of  Chrysophrys,  Sargus,  and  other  common 
Mediterranean  genera  are  abundant;  and  a  few  detached  yellow 
teeth  represent  an  indeterminable  species  of  Baliates, 


III. — On  the  Discovery  op  a  New  Species  of  Fossil  Fish 
(Stbepsodus  Brockbanki)  in  the  Upper  Coal  Measures 
Limestone  of  Lsvensbulme,  No.  6  Group,  from  the  Railway 
Cutting  at  Levenshulme,  near  Manchester.  By  James  W. 
Davis,  F.G.S.  Mem.  and  Proc.  Manchester  Lit  and  Phil.  Soa 
[4],  Vol.  IV.  1891  (reprint  paged  1-S). 

VERT  fragmentary  remains  of  Strepsodus  in  the  collection  of 
Mr.  W.  Brockbank,  F.G.S.,  form  the  subject  of  this  note. 
*'The  teeth  differ  from  those  of  Strepsodus  sauroides,  Young,  in  the 
greater  breadth  in  proportion  to  the  length ;  the  surface  striation  is 
similar  in  the  two,  with  the  exceptions  that  in  S.  Brockbanki  the 
striffi  are  larger,  and  there  is  no  evidence  of  bifurcation,  and  whereas 
in  8.  sauroides  the  base  of  the  crown  is  ovoid  and  laterally  com- 
pressed, and  the  apex  twice  bent  nearly  at  right  angles,  in  this 
species  the  base  of  the  crown  is  circular,  and  the  point  is  not  twisted 
to  the  same  extent." 


IV. — On  the  Occurrence  of  Dbtrital  Tourmaline  in  a  Quartz 
Schist  west  of  Start  Point,  South  Devon.  By  A.  R.  Hunt, 
M.A.,  F.G.S.^ 

WHILE  examining  the  Devonian  cliffs  near  Street  Gate  at  the 
north-east  end  of  Slapton  Sands,  South  Devon,  in  company 
with  Mr.  W.  A.  E.  Ussher,  F.G.S.,  the  author  selected  a  hard  mica- 
ceous sandstone  of  fine  grain,  occurring  as  a  band  between  softer 
rocks,  for  comparison  with  a  micaceous  quartzite  or  quartz-schist, 
previously  noticed  by  Mr.  Ussher  at  a  point  on  the  coast  south  of 
Start  Farm  and  west  of  Start  Lighthouse.  The  quartz-scbist  occurs 
as  an  impersistent  band  among  the  mica-schists  west  of  Start  Point. 

^  Abstract  of  paper  read  before  Section  C  (Greology),  Brit.  Assoc,  Cardiff,  1891. 
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Mr.  A.  Barker,  F.G.S.,  on  examining  the  sandstone,  at  onoo 
pointed  out  the  presence  of  tourmaline  and  white  mica,  of  detrital 
origin ;  and  considered  that  the  rock  had  the  appearance  of  having 
been  derived  from  a  tourmaline-bearing  granite. 

On  a  careful  examination  of  two  slides  of  the  quartz- schist,^  the 
author  detected  a  single  grain  of  tourmaline.  Six  additional  slides 
were  forthwith  prepared,  and  detrital  tourmaline  was  found  in  them 
all.  One  of  these  slides  contains  a  pellucid  grain  of  quartz  with 
fluid  inclusions  and  active  bubbles;  another  contains  a  grain  crowded 
with  hair-like  inclusions  and  with  one  fluid  inclusion  whose  bubble 
is  easily  moved  by  the  heat  of  a  wax  match.  Both  these  grains 
could  be  easily  matched  in  the  quartzes  of  different  granites. 

The  derivation  of  the  quart  Zrschist  from  granites  of  more  than 
one  character,  but  one  of  which  must  have  been  schorlaoeous,  seems 
clearly  indicated. 

The  above  facts  have  two  distinct  bearings,  viz.  as  to  the  age  of 
the  metamorphio  schists  of  South  Devon,  and  as  to  the  derivatioa 
of  the  tourmaline. 

The  two  rocks  under  consideration,  viz.  the  quartz-schist  and  the 
Devonian  sandstone,  are  related  to  each  other  in  four  particulars^ 
insomuch  as  they  contain  four  constituents  common  to  bofh,  viz. 
detrital  tourmaline,  detrital  mica,  quartz  of  fine  grain,  and  iron. 

It  seems  difficult  to  avoid  the  conclusion  that  such  similar  rocks 
must  be  of  like  age  and  derivation;  and  that  as  the  sandstone  is 
undoubtedly  Devonian,  the  quartz-schist,  one  of  the  metamorphio 
schists  of  South  Devon,  must  be  of  Devonian  age  also,  and  not 
Archaean,  as  has  been  supposed  by  some  geologists. 

The  derivation  of  the  tourmaline  is  a  more  difficult  question. 
Whatever  may  be  the  age  of  the  mass  of  the  Dartmoor  granites, 
those  of  a  schorlaceous  character  seem  to  be  post-Carboniferous. 
Moreover,  no  tourmaline  has  been  noticed  in  the  granites  trawled 
in  the  English  Channel.  There  is  thus  no  recognized  source  of 
pre-Devonian  tourmaline  in  the  neighbourhood  of  South  Devon,  yet 
the  source  of  derivation  of  the  rocks  under  discussion  could  not 
seemingly  be  remote,  or  the  tourmaline,  quartz,  and  mica  could 
scarcely  have  kept  together.  The  tourmaline  granites  of  Cornwall 
would  meet  the  case,  if  any  of  these  are  of  pre-Devonian  age ;  but 
on  this  point  the  author  has  no  information. 

Besides  the  tourmaline  observed  in  the  rooks  at  Street  Gate  and 
Start  Point,  the  author  has  noticed  the  same  mineral,  oocuning  in 
the  same  way,  in  a  sandstone  from  near  Tinsey  Head  in  Start  Bay, 
and  in  a  sandstone  from  near  Charleton  on  the  Eingsbridge  estuary, 
both  of  Devonian  age. 

1  The  hand-specimen  selected  for  sticing  was  kindly  placed  at  the  author's  diposal 
hj  Mr.  A.  Someryail,  of  Torquay. 
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i^  m  V  I  m  -w  s. 
I. — ^Thc  Lakb-Dwklltno8  of  Eubopk,  being  the  Rhind  Lectures 

IN    ABGHiBOLOGT    FOK    188S.      By    BOBBBT     MuNRO,    M.A.,    M.D. 

Boyal  8vo.  pp.  xl.  and  600,  with  199  oomposite  Illustrations, 
containing  2172  separate  Figures,  and  14  Maps  and  Plans, 
(London :   Cassell  &  Company.) 

TEE  study  of  Prehistoric  Man,  or  the  attempt  to  discover 
evidences  of  the  early  races  who  first  occupied  Europe  in 
Prehistoric  times,  and  to  interpret  these  relics  hy  a  knowledge  of 
the  habits  and  customs  of  existing  aboriginal  races,  may  certainly 
be  said  to  have  been  initiated  near  the  end  of  tbe  first  half  of  the 
present  century.  But  the  most  important  discoveries  were  actually 
made  within  the  second'  half;  discoveries  so  vast  in  importance 
in  connexion  with  the  history  of  the  human  race  as  to  excite  the 
attention  of  the  whole  scientific  world  and  to  result  in  the  develop* 
ment  of  a  literature  devoted  entirely  to  Prehistoric  Archasology. 

In  Denmark,  England,  Belgium,  France,  Switzerland  and  else* 
where,  the  stream  of  new  light  seemed  never  ending.  Tet  many  of 
these  novelties  had  really  been  discovered  long,  long,  before,  but 
no  one  seemed  disposed  to  notice  them,  nor  was  any  curiosity 
expressed  when  their  discovery  was  announced.  Then  why  this 
Budden  enthusiasm  ?  Simply  because  the  public  mind  had  become 
educated  and  was  heginning  to  take  an  interest  in  natural  science, 
and  men  like  Falconer,  Prestwich,  Lyell,  John  Evans,  Lubbock, 
Pitt-Bivers,  Franks,  Boyd-Dawkins  and  Pengelly  in  England ; 
Lartet  and  Christy  in  France;  Keller  in  Switzerland,  and  very 
many  others,  were  able,  not  only  to  discover,  but  to  correctly 
interpret  and  describe,  what  they  found  or  saw.  It  is  to  the  labours 
and  publications  of  these  men  that  we  owe  the  great  advauce  in 
Anthropological  knowledge  to  which  we  have  attained,  and  to  the 
general  intelligent  interest  taken  by  the  public  at  large  in  the 
history  of  early  man  in  Europe. 

Following  the  sequence  of  these  discoveries,  we  find  primitive 
man  wandering  and  homeless,  save  for  some  cave,  or  rock-shelter ; 
here  as  a  bold  palaoolithic  hunter  of  the  Mammoth  and  the  Woolly 
Rhinoceros,  or  disputing  his  right  to  some  cave  with  the  Bear,  the 
Lion,  or  the  Hyasna.  There,  as  the  humble  shore- dweller,  feasting 
upon  the  oyster  or  the  whelk,  the  limpet,  or  the  mussel.  Or» 
again,  engaged  in  making  excellent  harpoons  out  of  Reindeer-antlers, 
and  manufacturing  needles  out  of  the  leg-bone  of  the  Horse; 
leaving  behind  him  abundant  evidence  of  his  prowess  in  the  chase 
in  the  form  of  well -carved  or  incised  figures  of  these  and  other 
animals,  on  their  antlers  or  pieces  of  their  bones;  unrivalled  as 
a  skilful  worker  in  fiint  and  other  stone,  from  the  rough  to  the 
polished  implement  of  perfect  beanty.  Nor  is  this  all, — for  in  those 
districts  of  Europe  where  rivers  and  lakes  abound,  we  learn  that 
certain  Neolithic  peoples — probably  at  a  somewhat  later  period — 
occupied  their  shores  and  banks  as  mixed  fishers,  hunters,  and  even 
as  early  agriculturists — if  their  garden-patches  may  have  deserved 
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that  name;  and  being  possessed  of  more  worldly  gear  than  the 
earlier  Cave-Dwellers,  and,  though  living  in  communities,  were  yet 
a  peaceful  and  less  warlike  race ;  they  had  invented  a  system  of 
fortified  habitations,  raised  above  the  level  of  the  water,  by  means 
of  piles  driven  into  the  bed  of  the  river  or  lake,  bearing  a  platform 
of  horizontal  timbers  upon  their  tops,  on  which  the  dwellings  were 
placed.  These  lacustrine  habitations  were  sufficiently  far  from  the 
shore  to  protect  them  from  enemies,  and  yet  near  enough  to  be 
approached  by  a  narrow  bridge  which  oould  easily  be  removed  or 
destroyed  in  case  of  a  hostile  attack  from  the  land. 

The  relics  of  these  dwellings  first  attracted  attention  at  Ober- 
Meilen,  on  the  east  shore  of  Lake  Zurich,  during  the  winter  of 
1853-54,  when,  owing  to  the  extreme  lowness  of  the  water  of  the 
lake,  the  heads  of  numerous  wooden  piles  were  exposed,  around 
which  were  portions  of  Stag's  antlers,  stone  hatchets  and  other 
implements  which  excited  some  curiosity.  Other  finds  followed 
and  led  to  the  subject  being  taken  up  by  Dr.  Ferdinand  Keller, 
President  of  the  Antiquarian  Association  at  Zurich,  to  whom  the 
world  is  indebted  for  making  known  one  of  the  most  remarkable 
archseological  discoveries  of  this  centniy, — a  discovery  which  in  its 
consequential  results  is  unique  for  the  variety  and  wealth  of  mate- 
rials with  which  it  has  illustrated  that  singular  but  long  unknown 
and  forgotten  phase  of  prehistoric  civilization  in  Europe,  which 
found  its  outcome  in  the  habit  of  constructing  dwellings  in  lakes, 
marshes,  etc. 

Dr.  Keller's  researches  were  roost  extensive  and  were  made  known 
in  a  series  of  exhaustive  reports  sufficient  to  fill  many  volumes. 
They  were  first  translated  and  the  plates  redrawn  and  published  in 
English  by  Mr.  John  Edward  Lee,  F.S.A.,  in  1866;  but,  in  ten  years, 
Keller's  continued  researches  in  Switzerland  had  so  grown,  that,  to 
keep  pace  with  them,  a  second  edition  was  required  extending  to 
two  large  volumes. 

"Since  then,  however  (1878),  the  results  of  lacustrine  researches 
have  been  greater  and  more  important  than  during  any  previous 
corresponding  period.  The  'Correction  des  Eaux  du  Jura,*  together 
with  various  harbour  alterations  in  the  lakes  of  Ziirich,  Greneva, 
etc.,  have  been  the  means  of  enormously  increasing  the  lacustrine 
collections  of  Switzerland.  In  North  Italy  not  only  have  new 
and  remarkably  interesting  lacustrine  stations  been  discovered  and 
exhaustively  investigated,  as  Lagozza  and  Polada,  but  the  researches 
in  the  terremare  have  been  such  as  to  entirely  alter  the  previous 
opinions  held  in  regard  to  them.  Nor  has  the  progress  in  this  field 
of  research  in  many  other  countries  in  Europe  been  scarcely  less 
important :  in  proof  of  which  I  have  only  to  mention  the  additions 
made  to  the  Scottish  and  Irish  crannogs ;  the  curious  fascine-struc- 
tures brought  to  light  in  Holdemess,  Yorkshire,  the  novel  revela- 
tions extracted  from  the  i^rp-mounds  in  Holland,  and  other  low- 
lying  districts  on  the  coast  of  the  German  Ocean;  the  greatly- 
extended  and  more  accurate  details  of  lacustrine  structures  in  North 
Germany ;  the  discovery  in  Hungary  of  pi-ehistoric  mounds  analogous 


Digitized  by  VjOOQIC 


Reviews — Dr.  Munro's  Lake^DwelSngs.  469 

to  the  terramara  deposits  of  Italy,  etc.  In  short  there  is  hardly  any 
comer  of  the  lake-dwelling  area  in  Europe  which  has  not  yielded 
new  materials,  throwing  more  or  less  light  on  this  strange  phase  of 
Prehistoric  life." 

The  present  volume,  Dr.  Munro  tells  us,  originated  with  the 
Society  of  Antiquaries  of  Scotland,  who  offered  him  the  Rhind 
lectureship  in  Arcfaadology  for  1888,  and  suggested  that  the  course 
of  six  lectures  should  be  on  the  ''  Lake-dwellings  of  Europe." 
These  lectures  are  here  printed  in  extenso,  and  are  very  copiously 
illustrated  by  drawings  of  all  the  most  typical  antiquities  discovered, 
prepared  as  far  as  possible  from  the  actual  objects  by  Dr.  and  Mrs. 
Munro,  who  perambulated  the  whole  of  Central  Europe  with  note- 
and  sketch-books  in  hand  visiting,  as  far  as  practicable,  the  sites  of 
lake-dwellings,  and  searching  museums  and  libraries  wherever  they 
thought  such  relics  or  records  were  to  be  found. 

"  The  eastern  limit,"  we  are  told,  "  of  the  region  thus  visited  may 
be  represented  by  a  line  drawn  from  Konigsberg  to  Trieste,  passing 
through  the  intermediate  towns  of  Krakow,  Buda-Pesth,  and  Agram. 
The  materials  brought  together  from  this  area  are,  to  a  very  con- 
siderable extent,  absolutely  new  to  British  archaeologists."  Care 
has  also  been  taken,  as  far  as  possible,  not  to  repeat  illustrations 
given  by  Keller's  translator,  except  where  the  objects  are  the  best 
or  the  only  representatives  of  their  kind.  To  show  how  well 
Dr.  Munro  has  carried  out  his  task,  and  how  great  is  the  area  over 
which  he  has  travelled,  we  must  consult  the  work  itself;  indeed,  it 
is  one  which  every  student  of  prehistoric  archasology  must  possess 
in  order  to  be  posted  up  to  date  in  all  the  researches  which  have 
been  carried  on  since  the  date  of  the  last  English  edition  of  Keller's 
work. 

The  first  lecture  gives  an  account  of  the  earliest  discovery  of  Lake- 
dwellings  ;  the  settlements  of  the  shores  of  Lake  Zurich ;  those  of 
Western  Switzerland  and  France  (pp.  1-109).  Some  idea  may  be 
formed  of  the  vast  number  of  objects  of  ornament,  weapons,  and 
articles  of  domestic  use,  in  stone,  bronze,  earthenware,  iron,  bone 
or  wood,  delineated  in  this  work,  when  we  find  that  in  the  23  page- 
illustrations  to  the  first  lecture  alone,  there  are  517  separate  figures 
engraved. 

The  second  lecture  (pp.  110-185)  deals  with  the  settlements  in 
Eastern  Switzerland,  the  Danubian  Valley,  and  Camiola.  Here  is 
given  an  account  of  some  curious  traps  made  of  wood  which  have 
been  found  in  settlements  as  widely  separated  as  Ireland,  North 
Germany,  Styria,  and  Italy,  which  it  is  suggested  may  have  been 
used  as  Beaver  or  Otter  traps.  As  many  as  52  individual  remains 
of  the  Beaver  were  obtained  at  Laibach  alone,  where  these  supposed 
beaver-traps  were  also  met  with.  Four  hundred  and  fifteen  objects 
are  figured  in  the  text  to  illustrate  this  lecture. 

The  third  lecture  (pp.  186-276)  treats  of  the  Lake-dwellings  and 
pile-structures  in  Italy,  including  the  Terramara  Settlements  in  the 
Po  Valley,  which  are  illustrated  by  527  figures  in  the  text. 

The  fourth  lecture  (pp.  277-348)  describes  the  remains  found  at 
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La  T^ne  and  in  the  Lake  of  Paladni:  also  the  LacustriDo  and 
Marine  dwelliogs  in  the  Lower  Rhine  District  and  in  North 
Germany;  two  hundred  and  eighty-five  of  the  antiquities  from 
which  are  illustrated  in  the  text 

The  fifth  lecture  (pp.  349-494)  treats  of  the  Lake-dwellings  of 
Great  Britain  and  Ireland,  describing  the  Scotch  and  Irish  Crannogs, 
etc.,  with  two  hundred  and  seventy-four  illustrations. 

The  sixth  and  last  lecture  (pp.  495-554)  deals  with  the  Lake- 
dwellers  of  Europe,  their  Culture  and  Civilization ;  and  is  illustrated 
by  154  figures;  making  a  total  of  2172  objects  figured,  besides 
fourteen  maps  and  plans. 

The  protracted  period  of  time  represented  by  these  pile-dwellinj?8 
is  attested  both  by  their  wide  geographical  distribution,  and  by  the 
fact  that  some  flourished  at  a  time  when  the  use  of  metals  was 
entirely  unknown  to  their  inhabitants,  as  all  the  tools  and  weapons 
recovered  from  the  debris  were  made  of  such  materials  as  stone, 
bone,  or  antlers  of  deer,  etc.  The  substitution  of  bronze  for  these, 
marks  a  decided  change  in  the  culture  and  civilization  of  the 
Lake-dwellers — a  change  which  becomes  further  modified  by  the 
introduction  of  iron. 

'*  We  have  thus  a  great  variety  of  lake-dwellings,  distinguishable 
from  each  other  generally  by  the  character  of  their  industrial 
remains,  according  to  the  particular  civilization  which  prevailed  at 
the  period  of  their  habitation,  some  dating  back  from  the  pure  Stone 
age,  others  from  the  Bronze  age,  while  others  again  bear  the  imprint 
of  various  later  civilizations,  as  Boman,  Celtic,  Carlovingian,  Slavish, 
etc.,  clearly  proving  their  continuance  in  various  parts  of  Europe 
for  a  very  long  period  extending  from  the  Neolithic  age  to  the  dawn 
of  written  history." 

"  In  hazarding  an  opinion  as  to  the  original  founders  of  the  lake* 
dwellings  of  Central  Europe  (writes  Dr.  Munro),  I  would  say  that 
they  were  part  of  the  first  Neolithic  immigrants  who  enter^  the 
country  by  the  regions  surrounding  the  Black  Sea  and  the  shore  of 
the  Mediterranean,  and  spread  westwards  along  the  Danube  and  its 
tributaries  till  they  reached  the  great  central  lakes.  Here  they 
founded  that  remarkable  system  of  lake-villages  whose  ruins  and 
relics  are  now  being  disinterred  as  it  were  from  another  or  forgotten 
world. 

Those  following  the  Drave  and  the  Save  entered  Styria,  where 
they  established  their  settlements  on  what  was  then  a  great  lake  at 
Ijaibach.  From  this  they  crossed  the  mountains  to  the  Po  valley, 
where  they  founded  not  only  the  pile-villages,  but  subsequently  the 
terreroare.  The  Danubian  wanderers  having  reached  the  upper 
sources  of  the  Danube,  crossed  the  uplands  by  way  of  Schussenried, 
and  arrived  on  the  shores  of  Lake  Constance,  from  which  they 
quickly  spread  over  the  low-lying  districts  of  Switzerland*  From 
Lake  Neuch&tel,  still  continuing  a  westward  course,  they  reached 
the  Bhone  Valley  by  way  of  Morges,  where  they  erected  one  of  their 
earliest  and  largest  settlements.  From  the  Lake  of  Geneva  they 
had  easy  access  to  the  lakes  of  Anneoy  and  Bourget" 
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"  After  the  oollapse  of  the  great  Lake- villages  it  is  not  singular  to 
find  that  a  knowledge  of  the  system  remained  among  the  surround- 
ing nationalities,  whioh  suhsequently  germinated  into  activity  in 
various  sporadic  comers,  and  produced  not  only  the  Scottish  and 
Irish  orannogs,  but  the  analogous  remains  in  Friesland,  North 
Germany,  Paladru,  etc.  As  the  great  extinct  mammals  are  known 
to  have  lingered  in  the  recesses  of  mountain-ranges  and  other 
secluded  localities,  so  the  artificial  islands  or  crannogs  and  other 
lake-habitations  of  the  Iron  Age  are  but  the  deteriorated  remnants 
of  a  doomed  system  which,  like  every  dying  art  before  final  ex- 
tinction, passed  through  a  stage  of  decay  and  degeneration/'  Dn 
Mnnro's  book  has  afibrded  us  no  small  pleasure  and  profit  in  its 
perusal,  and  we  congratulate  both  Dr.  and  Mrs.  Munro  on  the 
excellence  and  abundance  of  the  illustrationSy  which  bespeak  a  real 
love  of  the  graphic  art 

A  descriptive  catalogue  of  all  the  objects  illustrated  in  the  text^ 
also  a  copious  index,  and  an  exhaustive  bibliography  of  lake-dwelling 
researches  in  Europe,  give  to  Dr.  Munro*s  volume  a  completeness 
which  isy  alas  I  too  often  wanting  in  scientific  works. 

II. — Dbsortptions  of  some  New  or  Previously  Unrsoorbed 
Species  of  Fossils  from  the  Devonian  Rocks  of  Manitoba* 
By  J.  F.  Whiteaves.  From  Trans.  Roy.  Soc.  Canada,  Section 
IV.  1890,  pp.  93-110,  Pktes  IV.  to  X.  (Montreal,  Dawson 
Brothers.) 

WITH  the  exception  of  Stringocephalua  BurHtU,  the  species  de- 
scribed in  the  present  paper  are  new.    They  are  as  follows : — 
Pblbctpoda.  Obphalopoda — amtimtMU 

Modiomorpha  attenuata.  Aetinoceraa  Hindii, 

Megalodon  subovaiut.  Gomphoeeraa  Manitobmte. 

Orth<mota  conrugaia,  Cyrtoeeraa  occidmtaU, 

Gastbbopoda.  Homaloeerat  (gen.  noT.)  planatum. 

■n,       .  .    ^  Tetragonoeeras  (jren.  noT.)  graeiU. 

£uomphalu*  Mamtobetms.  ^  ^^       filieinetum. 

Obphalopoda.  „        submammilUUum. 

Orthoeeras  (Thoraeoceras)  Tgrrellii. 

In  the  Report  of  Progress  of  the  Qeological  Sarvey  of  Canada  for 
1874-75  (p.  68),  "aBrachiopod  resembling  Stringocephalus  "  was 
recorded  from  *'  the  western  shore  of  Dawson  Bay,"  Lake  Winne- 
pegosis,  ''from  slabs  apparently  derived  from  the  neighbouring  cliffs." 

Collections  made  during  1888  and  1889  by  the  author  and  Messrs. 
Tyrrell  and  Dowling  in  the  neighbourhood  of  Lakes  Manitoba  and 
Winnepegosis,  included  a  remarkably  fine  series  of  specimens  which 
the  author  considers  to  be  specifically  identical  with  the  Stringo* 
eephaltti  Burtini  of  British  and  European  areas.  '*They  present 
nearly  all  the  variations  in  external  form  whioh  that  protean  species 
assumes,"  and  some  exhibit  the  internal  characters.  ''The  only 
appreciable  characters  in  which  the  Manitoba  specimens  seem  to 
differ  from  British  or  European  ones  are,  that  in  the  former  the 
loop  in  the  dorsal  valve  is  much  broader  proportionately,  and  the 
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musoolar  impressioiiB,  whioh,  however,  are  very  indiatinotly  defined, 
were  probably  longer." 

At  Lakes  Manitoba  and  Winnepegoeis,  all  the  species  described  in 
the  paper,  with  the  exception  perhaps  of  Oamphoceras  ManitobeMe^ 
and  Qyroceraa  avbrnammiUatum,  were  associated  with  this  Brachiopod, 
a  shell  which,  in  Europe,  occupies  a  definite  horizon  in  the  Middle 
Devonian. 

Although  based  upon  very  meagre  material,  the  species  referred 
to  the  genus  Modiomorpha  can,  it  is  believed,  '*  be  recognized  at  a 
glance  by  its  unusually  large  size  and  narrowly  attenuated  form, 
although  it  is  by  no  means  certain  that  it  is  correctly  referred  to 
this  genus."  Since  the  hinge  is  not  well  preserved  in  any  of  the 
specimens  collected,  the  species  assigned  to  the  genus  Megalodon 
is  provisionally  referred  to  that  genus  on  account  of  its  '*  strong 
resemblance  in  external  structure  to  the  J|f.  tmneatua  and  M.  rham^ 
hoidaiU  of  Qoldfuss  from  the  Devonian  rocks  of  the  Eifel." 

Of  the  two  new  Gasteropods  which  are  described,  viz.  PleurotO' 
maria  ganio»toma  and  Euomphalua  ManitobenstB,  the  latter  is  stated 
to  be  one  of  the  most  abundant  and  characteristic  fossils  of  the 
Devonian  rocks  at  Lakes  Manitoba  and  Winnepegosis.  In  addition 
to  detached  opercula,  one  specimen  has  been  found  in  which  ''  the 
shell  is  so  broken  as  to  show  its  operculum  tn  iitu,  though  a  little 
displaced  from  its  normal  position." 

A  remarkable  species  of  Orthoceras  is  described  under  the  name 
0.  (Thoracoceraa)  TyrreUiu  It  has  a  marginal  siphuncle  and  is 
ornamented  with  transverse  plications  and  longitudinal  ridgee,  each 
point  of  intersection  of  a  transverse  plication  with  one  of  the  longi- 
tudinal ridges  being  marked  by  a  short,  slightly  curved  spine.  The 
author  observes  that  it  "seems  to  belong  to  that  group  of  the 
Orthocerata  for  which  Fisher  de  Waldheim  proposed  the  generic 
name  Melia  in  1829,  though,  finding  this  preoccupied,  he  changed 
it  to  Thoraeoeeras  in  1844."  Fischer  gave  as  the  type  of  the  genus 
Thoracoceraa,  Th.  vesiitum — a  species  with  a  rather  small,  sub- 
marginal  siphuncle,  and  ornamented  with  spinose,  longitudinal 
ridges.  Although  adopted  by  some  subsequent  writers,  the  genus 
has  been  variously  interpreted.  According  to  Prof.  Hyatt,  who 
regards  the  genus  as  valid,  it  includes  ''all  those  longicone  species 
in  which  the  ridges  become  spiny  or  are  roughened  by  the  promi- 
nence of  the  transverse  striee  or  ridges,"  and  also  such  forma  as 
Cyrtoceraa  corhvlatum,  Barrande,  CyrL  canaliculatum,  de  Eoninck  and 
Cyrt.  Puzoaianum,  de  Eoninck.  The  author  adopts  TkoraeoeeraSf 
but  regards  it  only  as  a  subgenus  of  Orthoeeraa, 

The  figure  given  of  Gomphoceraa  Manitohenae  certainly  bears  out 
the  author's  statement  that  the  anterior  end  of  its  body -chamber 
appears  to  be  more  like  that  of  Poterioceraa,  The  species,  however, 
is  rather  doiibtfnlly  referred  to  the  genus  Gomphoceraa  on  account 
of  its  general  resemblance  to  the  G.  exinUum,  of  Hall. 

Two  new  genera  of  Cephalopoda  are  described,  viz.  Homaloeeraa 
and  Tetragonoceraa,  The  foimer  is  thus  characterized — "  Shell  oon- 
sistiug  of  ^  a  slender  ti^be  which  is  broadly  and  strongly  arcuate, 
curved  in  the  same  plane  and  much  flattened  laterally,  its  venter  or 
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outer  border  being  yery  narrow,  trnnoated  and  depressed  in  the 
centre.  Satural  line  oonsieting  of  two  yery  narrow  saddles  with 
an  equally  narrow  sinus  between  them  on  the  venter,  a  broadly 
oonoave  sinus  or  lobe  on  each  of  the  sides,  and  a  rather  narrow 
saddle  on  the  dorsum ;  siphunole  in  the  only  species  known,  cylin- 
drical, ezogastric,  and  placed  near  the  venter  or  outer  and  convex 
margin.  Body-chamber  long,  occupying  about  one-third  of  the 
entire  length." 

The  author  is  doubtful  as  to  which  of  Prof.  Hyatt's  families  the 
genus  should  be  referred,  but  he  is  *'  inclined  to  regard  it  as  an 
extremely  aberrant  member  of  the  Hercoceratidn." 

The  other  new  genus — Tetragonoceras — is  proposed  for  a  loosely 
coiled  shell  with  a  quadrangular  transverse  section.  **Oyrihoeeraiite$  " 
ietraganus,  d'Arohiac  and  de  Yemeuil,  from  the  Middle  Devonian  of 
the  Eifel,  also  has  a  quadrangular  transverse  section,  but  according 
to  Prof.  Hyatt's  statement,  this  species,  which  he  places  in  his  genus 
CeniroeeraSf  appears  to  have  been  a  true  close-coiled  Nautiloid. 

Of  the  three  new  species  of  Oyroceras,  O.  Canadenae  and  O. 
filitinetum  are  very  like  the  0.  Eifdense  from  the  Middle  Devonian 
of  the  Eifel,  while  0.  auhmammiUaium  bears  a  most  striking  resem- 
blance to  an  internal  cast  of  the  well-known  O,  omatum  from  the 
same  horizon  and  locality.  G.  0.  0. 

IIL — Landscape  Gxoloot:  a  Plea  fob  the  Study  of  GBOLoay  by 
Landscape  Paimtbbs.  By  Huan  Millbb,  of  H.  M.  Geological 
Survey.  8vo.  pp..  63.  (Edinbui^h  and  London,  William  Black** 
wood  and  Sons.) 

THE  pictures  exhibited  in  the  Royal  Academy  have  at  times  been 
subjected  to  criticism  in  the  pages  of  "  Nature."  The  repre- 
sentation of  clouds,  waves,  the  apparent  size  of  the  Moon,  and  the 
delineation  of  rock-structure,  have  in  turn  undergone  praise  or 
stricture ;  and  it  would  seem  that  the  unhappy  Landscape  Artist  need 
make  acquaintance  with  Astronomy  and  Meteorology,  with  Geology 
and  Physical  Geography,  and  with  Botany  and  Zoology,  if  he  or  she 
wishes  to  escape  the  scientific  critia  But  the  plea  of  the  Artist  is 
that  he  essays  to  represent  things,  not  necessarily  as  they  are,  but 
as  they  appear  to  him  ;  and  Mr.  Briton  Riviere  (quoted  in  the  work 
before  us)  says,  **  It  is  the  personality  of  the  artist,  the  impress  on 
the  work  of  the  artist's  own  mind  and  intention,  adequately  ex- 
pressed, which  gives  the  art"  Hence,  '*  It  is  possible  for  a  picture 
to  be  scientifically  true  and  have  no  art  at  all  in  it ;  and,  on  the 
other  hand,  to  contain  several  scientific  blunders,  and  yet  to  be  a 
great  work  of  art." 

.  No  one  will  find  fault  with  the  Artist  for  representing  things  as 
they  appear  to  him  ;  but  in  pictures  that  aim  to  be  topographical,  it 
is  desirable  that  the  outlines  of  hill  and  mountain,  of  crag  or  scarp, 
should  bear  some  relation  to  the  anatomy  of  the  earth.  Mr.  Miller 
disclaims  any  desire  to  go  geologizing  through  the  picture  galleries, 
though  he  agrees  with  the  critic  who  says,  ''  Is  it  too  much  to  ask 
that  the  artist  shall  not  give  us  alate  where  there  is  only  gneUa,  or 
granite  boulders  where  there  are  none  ?  " 
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The  author  remarks  that  Geology,  like  all  the  teachings  of  Nature^ 
will  be  found  to  be  fraught  with  Poetry,  and  he  urges  that  it  is 
possible  to  convey  some  poetic  expression  of  past  time  as  well  as  of 
modem  agents  in  the  delineation  of  both  mountains  and  rocks.  He 
points  out  the  position  of  blocks  in  a  torrential  stream,  with  their 
plane  sides  sloped  gently  towards  tlie  current ;  and  to  the  shapes 
and  altitudes  of  boulders  on  a  hill  slope.  Artists,  he  says,  as  a  rule 
look  upon  rocks  as  in  themselves  rather  expressionless  objects,  bat 
he  urges  that  much  expression  may  be  given  to  them  when  attention 
is  paid  to  their  texture,  structure,  and  colour.  He  would  "make 
the  varying  aspects  and  colouring  of  rocks  the  object  of  special 
studies — not  forgetting  that  it  is  possible  to  find  varying  expression, 
and,  so  to  speak,  a  different  handwriting,  or  perhaps  hidden  ciphers^ 
in  the  same  rock  from  day  to  day."  In  these  and  other  remarks  he 
endeavours  to  show  that  Oeology  taken  in  connexion  with  the 
physical  aspect  of  the  country  may  be  studied  as  an  exercise  for  the 
imagination. 

He  would  wish  the  artist  to ''  open  his  mind  to  ideas  of  strange 
vicissitude  and  awful  age  in  connexion  with  rocks  and  mountains,*' 
though  the  mountains  be  depicted  **not  as  rent  and  torn  by  dis- 
rupting forces  from  within,  but  as  wasted  and  sculptured  by  the 
forces  of  *  denudation '  at  work  without" 

In  this  way  Mr.  Miller  maintains  that  some  acquaintance  with 
Oeology  would  be  to  the  Landscape-painter  what  a  knowledge  of 
History  is  to  the  painter  of  historical  subjects.  It  would  help  and 
inspire  him  in  giving  expression  to  his  subject 

It  is  often  urged  that  Geology,  dealing  for  the  most  part  with 
pre-human  periods,  can  yield  little  material  for  poetic  minds.  The 
author  himself  observes,  ''Buins  are  pregnant  with  human  asso- 
ciations ;  rocks  have  none."  But  Geology  blends  its  History  with 
that  of  Man  and  many  associations  may  be  called  up,  directly  or 
indirectly,  in  the  imprints  of  the  past  upon  the  present. 

Beferring  to  the  Scenery  of  Scotland  Sir  Archibald  Geikie  has 
remarked  that  if  the  Geologist  "  can  only  present  his  results  in 
simple  and  intelligible  guise,  they  will  be  found  in  no  degree  to 
lessen  the  charm  of  the  scenery.  He  cannot  diminish  the  romance 
that  hangs  like  a  golden  mist  over  the  country ;  on  the  oontrary» 
he  reveals  another  kind  of  romance,  different  indeed  in  kind  but 
hardly  less  attractive,  wherein  firth  and  fell,  mountain  and  glen, 
glow  with  all  the  fervour  of  a  poet's  dream."  The  same  writer 
adds,  *'  Let  me,  however,  assure  him  [the  reader]  at  the  outset  that 
if  the  human  associations  of  the  land  are  uppermost  in  his  mind 
as  he  wanders  through  it,  my  sympathies  are  wholly  with  him." 
A  Greology  made  easy  for  Landscape  Artists  is  still  a  desideratum. 
I'here  is  need  of  a  work  that  would  simply  describe  types  of  rock- 
structure  and  the  relations  between  various  rocks  and  the  form  of 
the  ground.  Mr.  Miller  has  in  the  little  book  before  us  discussed 
his  subject  in  such  choice  language  and  in  so  poetic  a  spirit,  that 
we  are  led  to  hope  that  he  may  supplement  his  plea  by  some  more 
practical  guide  for  the  use  of  the  Landscape-painter. 
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IV. — TlRTIAEY  FiBHIS. 

1.  NeUB    TlNTRRfiUCHUVORN    AN    TBBTIABKN     FiSOH-OtOLITHEN.       By 

Prof.  Dr.  Ernst  Eokbn.     Zeitschr.  deutsoh.  geol.  Ges.  189 i| 
pp.  77-170,  Pis.  I.-X.  Woodcute  1-27. 

2.  Palaeoiohtutolo^ki  Prtlozi  (Colleotae  Palaeoiohthyologio ab). 

Pari  II.     By  Dr.  D.  Goroanovi<3  Erahberoer.    Bad  Jugoslav. 
Akad.  1891,  pp.  73,  Pis.  VIII. 

8.   GONTRIBUTO    ALLA    PaLEONTOLOOIA    BELLA    SaBDEGNA.      ItTIOLITI 

Miooenioi.     By  Prof.  Franoesoo  Bassani.    Atti  B.  Aocad.  Sou 

Napoli,  Ser.  2,  Vol.  IV.  Mem.  No.  8, 1891,  pp.  viii.+60.  Pis.  II. 

4.  Ubber  binbn  hit  htperostotisohen   Bildungen   ybrsehbnen 

SOHADEL   EINB8  8UBF0S8ILBN  PaORUS  YON  MELBOURNE.      By  Profl 

Dr.  W.  Dames.     Sitzungsb.  Ges.  naturf.  Freunde  Berlin,  1890, 
pp.  162-167,  Woodcut  1. 
6.  SoiAHB  Di  Pesoi  fossili  bigoprente  una  Lastra  di  Caloarb 
MABNoso.     By  Dr.  Cablo  Pollini.     8vo.  pp.  1-8,  PI.  L    (Milaoi 
1891.) 

DR.  ERNST  EOEEN,  now  Professor  at  Eonigsberg,  is  oon- 
tinning  his  well-known  researches  in  the  determination  of 
fish-otolites ;  and  his  latest  contribution  to  the  subject,  mentioned 
aboYe,  concludes  with  some  general  remarks  of  much  interest.  It 
is  a  surprising  fact  that  a  large  number  of  groups  of  fishes  that 
must  haYe  existed  from  early  Tertiary  times  are  scarcely,  if  at  all, 
represented  by  tolerably  complete  fossil  skeletons,  or  by  readily 
recognizable  fragments.  If,  howoYer,  Dr.  Eoken*s  determinations 
of  the  fossil  otolites  are  well  founded,  this  circumstance  is  proYed  to 
be  merely  another  example  of  the  imperfection  of  the  **  geological 
record*';  and  whole  groups  of  which  the  palaaontologist  has  hitherto 
known  almost  nothing  are  shown  to  occur  in  comparatiYe  abundance 
at  certain  horizons  in  ssYcral  classical  localities.  Of  the  Gadidao 
much  evidence  of  the  genera  GadnSy  Morrhua,  Merlangm,  Banicepa, 
and  Merlucdua  is  recorded,  especially  from  the  Oligocene  of  Germany* 
Many  otolites  of  Ophidiidad  are  also  discoYered  in  the  same  horizon, 
but  the  genus  Fierasfer  alone  can  be  more  precisely  determined. 
Macruridad  seem  to  be  recorded  among  fossil  fish-faunas  for  the  first 
time ;  otolites  of  Idacrurus  itself  being  recognized  in  the  Pliocene  of 
Tuscany,  and  some  generically  indeterminable  specimens  occurring 
both  in  the  Lower  Oligocene  of  Lattdorf  and  in  the  Senonian  of 
Siegsdorf.  With  reference  to  the  latter,  Dr.  Eoken  remarks  that  he 
does  not  consider  either  of  them  abyssal  forms,  but  more  nearly 
approaching  the  typical  Gadidae.  Of  the  Anaoanth  Flat-fishes  eYen 
otolites  are  scarce  and  very  difficult  to  determine.  Flateasa  and 
SoUa  are  recorded  from  the  German  Oligocene,  and  the  former  also 
oocurs  in  the  Phosphates  of  Alabama.  The  remarkable  Berycoid 
genera  Haplostethus  and  Monocentri$  are  belicYed  to  be  indicated  by 
otolites  from  the  Eocene  of  Copenhagen,  the  Oligocene  of  Germany, 
and  the  Pliocene  of  Tuscany ;  and  undetermined  genera  of  the  same 
family  are  also  recorded  from  the  German  Oligocene.  Sciasnidas  are 
well  represented  in  the  Upper  Oligocene  and  Miocene.  Most  of  the 
Percidae  are  as  yet  generically  indeterminable,  from  want  of  recent 
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material  for  oomparison ;  and  the  same  remark  applies  to  the 
Gobiidae.  Sparidce,  as  might  be  expected,  are  widely  distributed ; 
and  the  Cataphraoti  seem  to  be  represented  in  the  German  Middle 
Oligocene  by  the  genera  Trigla,  JPeristedion,  and  Aganus,  These 
determinations,  as  Dr.  Koken  points  out,  add  considerably  to  the 
material  available  for  a  discussion  of  the  distribution  of  the  Tertiary 
Teleostean  Faunas  in  Europe ;  and  the  author  is  finally  tempted  to 
devote  no  less  than  seventeen  pages  to  a  treatise  on  otolites  in 
reference  to  their  bearing  on  the  classification  of  Fishes. 

Dr.  Kramberger's  new  work  is  of  a  different  character  from  that 
of  Dr.  Eoken,  being  based  upon  a  series  of  remains  of  skeletons, 
which  are  beautifully  figured  in  the  accompanying  plates.  It  is 
unfortunately  written  in  a  language  that  few  can  r^ ;  but  the 
scientific  diagnoses  and  principal  headings  are  also  given  in  Latin 
and  thus  made  accessible  to  all.  There  are  seven  short  chapters 
relating  to  as  many  fish-faunas,  chiefly  Tertiary ;  and  several  new 
species  are  determined.  The  first  chapter  deals  with  Cretaceous 
species  from  Lesina,  already  described  under  the  names  of  Clupea 
leainenstB,  Scombroclupea  maerophthalma,  Thris9opa  microdon,  Hemielo^ 
popsia  Sueaai,  and  H,  gihbus.  The  second  chapter  is  more  extensive 
and  relates  to  the  marine  fishes  of  the  Aquitanian  Formation  of 
Styria.  Here  several  new  species  are  determined  and  named  re- 
spectively Labrax  latua,  L.  Mojaiaovicti,  L.  aagorenaia,  l^^modma 
injlatua,  Lichia  alta,  Zeua  Hoemeai,  and  Z.  robuatua,  A  supposed 
Leuciacua  {L.  eibiatoaldenaia,  sp.  n.)  is  also  represented  by  an  im* 
perfect  skeleton  from  the  freshwater  beds  of  Eibiswald  in  Styria, 
associated  with  Leudaeua  maerurua,  Ag.,  and  Oobiua  brevia,  Ag.  sp. 
Teeth  from  the  Miocene  of  the  neighbourhood  of  Agram  are  dis« 
cussed  in  chapter  iii.  and  referred  to  Ckryaophrya,  AeiobaiUp 
Hemipriatia  aerra,  and  Sphyma  cf.  priaea.  The  fish-remains  of  the 
well-known  Sarmatian  beds  of  Croatia  form  the  subject  of  chapter  iv. 
and  include  some  new  forms,  notably  Syngnathua  affinia,  ApoataaU 
(gen.  nov.  Acronuridarum)  Sturi,  A.  eroatica,  Soamber  (AvxU) 
aartnntieuat  Blenniua  foaailia,  Aiherina  aarmatica,  and  Labnu  {Crem" 
labrua)  Woodtoardi,  llie  generic  name  Metopanichthya  is  relegated 
to  the  synonymy  of  Proaniigania  among  the  Carangidsd.  Chapters 
V.  to  vii.  are  brief  notes  on  fragments,  of  which  the  most  striking 
are  the  remains  from  the  late  Tertiary  beds  near  Sofia,  Bulgaria, 
described  under  the  new  specific  name  of  Lacioperea  SkorpUi, 

Thanks  to  the  explorations  of  Prof.  Dr.  D.  Lovisato,  of  Cagliari, 
some  information  concerning  the  Miocene  fish-fauna  of  Sardinia  is 
now  forthcoming.  In  the  memoir  quoted  above  Prof.  Bassani  has 
employed  the  new  material  not  only  for  detailed  descriptions  but 
also  as  the  basis  of  an  elaborate  treatise  on  the  distribution  of  some 
of  the  commonest  Tertiary  Selachian  teeth.  Careharodan  megaladon^ 
0.  auriculatua,  Qaleocerdo  aduncua^  G.  mstior,  Hemipriatia  aerra^ 
Lamna  aalerUina  (including  '*  Otodua  Latoleyi "),  Noiidanua  primi-' 
geniua,  Odontaapia  eontortidenaf  0,  cu9pidata,  Oxyrhina  haatalia,  Sphyma 
priaea,  and  a  species  of  Sguatina  are  recognized  among  the  Selachian 
teeth ;  and  unsatisfaotory  fragments  of  dentition  of  Teleostean  fishes 
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are  assigned  to  Ckryaophrys  eineta,  Dentex,  and  Thyrtites  LovUcOai 
(sp.  nov.). 

Finally,  two  smaller  papers  may  be  mentioned  among  reoent 
interesting  oontributions  to  knowledge  of  Tertiary  fishes.  Dr.  Dames 
has  described  the  skull  of  a  sub-fossil  Pagrua  from  the  neighbour- 
hood of  Melbourne,  Australia,  giving  a  good  figure  and  discussing 
the  remarkable  hyperostoses  by  which  the  cranial  roof  is  character-* 
ized.  Dr.  C.  Pollini  publishes  a  photograph  of  a  slab  of  marl, 
probably  from  Aix-en- Provence,  in  the  Genoa  City  Museum,  dis* 
playing  a  shoal  of  Lehias  eephaloUs,  Ag.  A  detailed  description  of 
this  fish  is  given,  and  some  remarks  are  added  as  to  a  possible 
explanation  of  the  occurrence  of  so  large  a  number  of  individuals  in 
so  small  an  area.  Dr.  Pollini  has  omitted  to  observe  that  Dr.  Sauvage 
some  years  ago  (Bull.  Soo.  Geol.  France  [3]  vol.  viii.  p.  445)  pro- 
posed to  place  L.  cejihalotea  in  a  new  genus,  Prolehias — a  subject 
that  might  have  been  appropriately  discussed  after  the  detailed 
description.  A.  S.  W. 

V. — Thi  Lowkb  Pbbmiam  Fishkb  of  Fbanob. 

Etudes  dss  Gites  Min^baux  de  la  France  :  Bassin  Houiller  et 
PxBHiBii  d'Attfun  et  d'Epinao.  Fasc.  III.  Poissons  Fossiles. 
By  Dr.  H.  E.  Sauvaob.  4to.  pp.  31,  PL  V.  (Paris,  Imprimerie 
Nationale,  1890.) 

THOUGH  dated  1890,  this  interesting  work  on  the  Permian  fishes 
of  the  neighbourhood  of  Autun  has  only  just  been  brought  to 
our  notice.  It  is  a  well-illustrated,  detailed  account  of  a  fish-fauna, 
of  which  much  has  long  been  known ;  and  it  forms  an  appropriate 
supplement  to  the  memoirs  of  Prof.  Gaudry,  who  has  devoted 
special  attention  to  the  associated  Amphibian  and  Beptilian  fossils. 

After  a  brief  historical  and  bibliographical  sketch  (in  which  the 
only  omission  we  detect  is  that  of  Egerton's  well-known  memoir  in 
the  sixth  volume  of  the  Geological  Society's  Quarterly  Journal),  Dr. 
Sauvage  proceeds  at  once  to  a  detailed  description  of  the  species. 
The  majority  of  the  forms  are  Palseoniscid  fishes  related  to  the 
Lower  Permian  genera,  FalcBonisctis  and  Amhlypterua;  three  only 
being  referable  to  the  lower  orders,  namely,  an  undetermined  species 
of  Acanihodes,  a  Pleuracanth  Elasmobranch,  and  a  Dipnoan  fish.  The 
generic  name  Amhlypierua  is  employed  in  almost  as  extended  a  sense 
as  is  adopted  by  Traquair,  and  five  species  are  determined,  including 
two  novelties.  The  so-called  new  genera  JEdua  and  ArchcBoniseus 
(this  name  preoccupied  by  a  well-known  Isopod)  are  based  on 
characters  which  we  venture  to  regard  as  of  very  doubtful  value; 
and  we  are  inclined  (with  Traquair)  to  disbelieve  that  the  fin-rays  in 
any  of  these  fishes  are  invested  with  scales,  as  Agassiz  originally 
maintained,  and  as  is  now  re-asserted  by  Dr.  Sauvage.  Moreover, 
we  cannot  perceive  much  difference  between  the  type-specimen  of 
JEdua  Qaudryi  and  Egerton's  PalcBimiteua  Beawmanti,  which  Dr. 
Sauvage  appears  to  have  overlooked.  One  small  new  species  is 
assigned  to  PalmoniscuB,  and  another  may  possibly  represent  Rhadin- 
ichthys.    Finally,  among  the  Palaeoniscidaa  is  placed  the  fish  originally 
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named  Pygopterus  Bonnardi  by  Agassiz,  not  hitherto  described.  It 
is  gratifying  at  last  to  have  a  good  figure  and  description  of  the 
fossil  to  which  this  name  refers ;  but  we  fail  to  recognize  the 
slightest  resemblance  to  Pygopterus,  and  until  Dr.  Saavage  is  able  to 
bring  forward  further  evidence  on  the  subject,  we  shall  continue  to 
believe  that  P.  Bonnardi  is  founded  on  part  of  the  caudal  region  of 
a  Pleuracanth  Elasmobranch. 

Of  the  Dipnoan  fish  described  by  Gaudry  as  Megapleuron  Rochet, 
and  of  the  Pleuracanth  spine  named  by  the  same  author  Pleuracanthus 
Frossardi,  Dr.  Sauvage  merely  reproduces  the  original  descriptions 
and  figures.  No  allusion  is  made  to  Dr.  Anton  Fritsch's  observations 
on  Megapleuron,  in  which  the  rhomboidal  scales  are  correctly, 
as  we  consider,  assigned  to  a  fragmentary  Palteoniscid  mingled 
with  the  skeleton.  This  correction  is  of  importance,  for  it  enables 
"  Megapleuron  "  to  be  recognized  as  a  typical  Sirenoid  Dipnoan. 

There  is  now  hope  that  Dr.  Sauvage's  long-promised  memoir  on 
the  PalsBoniscid  fishes  of  the  Coal-measures  of  Com  men  try  will  not 
much  longer  be  delayed ;  and  we  await  with  interest  the  farther 
contribution  to  our  knowledge  of  this  intricate  group  of  fishes. 

A.  S.  W. 

VI. — The  Geology  op  the  North- East  op  Caithness,  and  a  Dis- 
cussion  AS   TO   THE   AOE   OF   THE  OlD  EeD    SaNDBTONE    OF    THE 

North  of  Scotland.  By  John  Williams  Evans.  LL.B.,  B.Sc., 
F.G.8.  Pp.  48,  with  Sketch- Map.  (London  :  Green,  Mc Allan 
and  Feilden,  1891.) 

IN  this  pamphlet  the  author  gives  us  the  result  of  six  weeks' 
field-work  in  Caithness.  The  county  is  occupied  almost  entirely 
by  the  Old  Bed  Sandstone  with  coverings  of  Glacial  Drift ;  it  is  to 
the  older  formation  that  attention  is  now  directed. 

Murchison  divided  the  Old  Bed  Sandstone  of  Scotland  into  three 
portions :  the  Lower,  including  the  Arbroath  flags,  with  Cephalaspis, 
Pteraspis,  and  Pterygotus ;  the  Middle,  including  the  Caithness  flags, 
with  Osteolepis,  Asterolepis,  Pterichthys,  etc.;  and  the  Upper,  in- 
cluding the  Dura  Den  beds,  with  Pterichthys,  Holoptychius,  etc. 

Sir  Archibald  Geikie  afterwards  referred  the  Caithness  flagstones 
to  the  Lower  Old  Red  Sandstone,  and  maintained  there  was  no 
evidence  of  any  Middle  division. 

The  observations  of  the  author  lead  him  to  maintain  that  the 
Old  Bed  Sandstone  of  Caithness  belongs  entirely  to  the  Upper 
division ;  and  he  thus  represents  the  succession  of  the  Scottish 
Upper  Old  Bed  Sandstone : — 

(^  Sub -zone  of  Bothriolepii  hydrophila,  ) 
J  J,        Soloptychiua  Flemingi,  and  Glypto-  i  ^^^^  ^en,  etc. 
pomtt9  mifwr,  ) 


^1 


i 


Sub-zone  Of  Hohptychim  nobUisHmus    ^^  q^  Cbwhbennie,  et«. 
and  Crxcodua  fooosua,  |  ^' 

^  Sub-zone  of  Mierobrachiut  Dieki  and  IHstiehoptsruM  olatut. 

Caithness  Flags,  Orkney  and  Shetland  beds,  and  tbe  Old  Bed  Sand- 
stone of  Cromarty,  Gamrie,  etc. 
Basement  Conglumeratic  series. 
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THE  STUDY  OF  MAMMALS. 
Sra, — I  am  indebted  to  the  reviewer  of  this  work  in  your  last 
number  for  pointing  out  that  the  family  Trttylodontida  occurs  twice 
in  the  systematic  table.  Its  second  occurrence  is  not,  however,  as 
he  supposes,  an  inadvertent  repetition,  but  a  '*  misprint "  for  TriconO' 
dontida.  Another  slip  occurs  on  p.  99,  where  in  giving  the  range 
of  Oryx  Persia  stands  instead  of  Syria.  B.  Lydbkkeb. 


DYNAMIC  METAMORPHISM  ♦'AGAIN." 
Snt, — Personally  I  am  sorry  to  be  called  upon  to  point  out  briefly 
that  Mr.  Fisher  (Gbol.  Mao.  Sept.  1891,  p.  430)  has  made  the 
mistake  of  substituting  exclusion  (or  "  outness  ")  in  space  for  logical 
exclusion  of  one  term  from  a  series  of  other  terms  used  in  a  train  of 
reasoning,  and  that  this  misconception  seems  to  run  through  the 
whole  of  his  letter  except  the  last  paragraph.  It  is  not  Mr.  Fisher's 
(P-W)  w,  but  the  ''last  term"  of  the  four  which  I  had  just 
enumerated  (p.  299),  which  is  logically  outside  the  other  three.  To 
say  that  it  is  outside  the  cubic  unit  (not  *' element")  of  the  mass, 
on  which  the  work  is  done,  is  something  to  which  I  am  unable  to 
attach  any  meaning  at  all.  The  energy,  to  which  the  motion  of  the 
train  (in  my  illustration)  is  due,  is  dissipated  (not  annihilated  or 
necessarily  *'  converted  "  into  some  other  form  of  energy)  according 
to  the  ordinary  laws  of  thermodynamics,  having  been  obtained  as 
heat  from  the  potential  energy  of  the  fuel  and  atmospheric  oxygen, 
and  utilized,  while  in  a  condition  of  high  intensity  (the  H,0  being 
the  carrier  of  the  energy),  to  move  the  piston  of  the  engine  with  the 
load  attached.  In  running  down  from  a  state  of  high  intensity 
(in  which  work  can  be  got  out  of  it)  to  a  state  of  low  intensity  (in 
which  it  is  either  absorbed  by  surrounding  bodies,  or  passes  off  by 
radiation  into  the  general  entropy  ^  of  the  universe),  there  is  no 
destruction*  there  is  only  dissipation,  of  energy;  and  when  it  is 
thus  dissipated,  you  cannot  get  any  more  work  out  of  it.  If  energy 
were  (under  the  conditions  specified)  **  stored  up  in  the  train,"  after 
it  had  come  to  a  standstill  (the  idea  which  was  before  my  mind, 
though,  I  fear,  not  explicitly  stated),  the  train  would  be,  after 
translation,  in  a  position  of  advantage  with  respect  to  motion,  as 
compared  with  its  position  before  translation,  which  is  absurd. 
Certainly  during  the  accelerating  stage  of  translation  energy  is 
being  stored  in  the  train,  just  as  you  store  energy  in  the  weight  of 
a  clock  in  winding  it  up ;  but  the  same  amount  of  energy  is  taken 
out  of  the  train  in  bringing  it  to  a  standstill,  just  as  it  is  taken  out 
of  the  clock-weight,  when  it  runs  down.  There  is  therefore  no 
more  energy  stored  in  the  train,  after  it  has  come  to  rest,  than  there 
is  in  the  weight  and  works  of  a  clock  after  it  has  run  down.  So  in 
the  case  of  the  rock-mass  under  consideration,  the  source  of  the 
energy  is  gravitation.  The. work  done  on  the  rock. is  only  a  case  of 
^  **  Entropy  *'  in  the  sense  in  which  the  word  was  first  used  by  Clausios. 
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potential  energy  of  position  becoming  kinetio,  without  taking  aught 
from  the  force,  with  which  gravitation  continaes  to  act  upon  the 
portion  of  the  earth's  lithosphere,  to  whose  descent  towards  the 
earth's  centre  of  gravity  the  lateral  thrust  is  due.  The  clock  has 
merely  run  down,  as  it  appears  to  me.  Work  has  been  done,  and  that 
work  is  the  equivalent  of  the  potential  energy.  In  the  infinitesimal 
amount  of  molecular  change  in  the  iron  (where  bad  material  is 
used),  which  I  had  overlooked,  and  Mr.  Fisher  recognizes  as  a  case 
of  '*  dynamo-metamorphism,"  we  have  indeed  an  excellent  example 
(so  far  as  it  goes)  of  metatrapy  resulting  from  the  action  of  forces 
purely  mechanical,  as  I  have  contended  for  the  last  three  years; 
but  as  this  is  quite  a  different  thing  from  what  we  understand  by 
chemical  change,  there  is  no  **  storage  of  chemical  energy/'  which  is 
the  crux  of  the  whole  business. 

Turning  now  to  Mr.  Barker's  rather  donnish  letter  (p.  431),  in 
which  he  persists  in  regarding  the  phrases  *'  chemical  combination  " 
and  ^*  chemiccd  change  or  action  "  as  convertible  terms,  I  can  only 
say  that  there  is  nothing  to  be  gained  by  discussing  that  point 
further.  The  remainder  of  the  paragraph  is,  I  think,  answered  by 
anticipation  in  what  I  have  already  written.  I  certcdnly  have  main* 
tained  that  ever  since  this  globe  began  to  cool  down  in  space  through 
dissipation  of  its  energy  by  radiation,  that  cooling  has  been  (and  is 
still)  retarded  by  a  considerable  exothermic  balance  of  heat,  as 
mineral  changes  in  the  lithosphere  have  upon  the  whole  advanced 
from  less  stable  to  more  stable  states  of  combination ;  and  in  doing 
so  I  take  my  stand  upon  the  broad  teaching  of  thermal  chemistry 
in  its  recent  development  It  is  there  that  Mr.  Barker  must  look 
for  the  "proof"  that  he  wants.  Perhaps  Prof.  Eoberts- Austen's 
recent  address  to  the  Chemical  Section  of  the  British  Association  at 
Cardiff  may  help  him.  To  his  appeal  to  an  imaginary  coneensnB  of 
<*  physicists  "  it  is,  I  think,  a  fair  reply  that  there  are  physicists  and 
physicists ;  and  that,  although  a  good  deal  of  what  I  have  written 
(in  the  Gbolooioal  Magazine  and  elsewhere)  may  seem  to  son&e 
of  them  to  be  written  in  an  "unknown  tongue,"  I  am  happy  to 
know  that  there  are  others  to  whom  it  is  all  perfectly  intelligible. 
The  term  "  intensity  of  heat,"  for  example,  is  used  to  emphasize 
the  inverse  variation  of  absolute  temperature  in  relation  to  dis- 
tribution in  time  and  mass  (allowance  being  made  for  what  Sir 
"William  Thomson  calls  "diffusity")  for  a  given  quantity  of  beat, 
as  velocity  and  mass  are  related  in  the  momentum  of  a  body  in 
motion.     The  term  must  stand  on  its  own  merits. 

The  importance  of  the  indirect  action  of  pressure  in  promoting 
chemical  change,  by  making  the  existence  of  superheated  water 
possible  (the  action  of  which  is  exceedingly  well  illustrated  by  the 
recent  work  of  Eroutschoff)  is  not,  I  think,  lessened  by  the  failure 
of  our  two  friends  to  appreciate  it.  There  is  surely  in  this  a  storage 
of  potential  chemical  energy.  Why  do  they  refuse  to  use  the  weapon 
placed  in  their  hands  ?  ^  Ievinq. 

Wbllinoton  Collbob,  Bbbks,  %th  September. 
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I. — On  Fleuronautilus  [Nautilus]  nodoso-carinatus^  BdHXR,  sp. 
By  AKTHua  H.  Foobd,  F.G.S, 

THROUGH  the  kindness  of  Mr.  A.  C.  Seward,  M.A.,  F.G.S.,  the 
British  Museum  has  been  put  in  possession  of  a  fine  specimen 
of  this  interesting  species,  collected  by  him  in  the  Millstone  Grit  of 
Caton,  Lancashire.  The  species  is  there  found  associated  with 
Nautilus  [Pleuronautilua']  armatust  J.  de  C.  Sowerby,*  Solenoeheilus 
INauiilui]  laiiteptatuSf  de  Eoninok,'  AcHnoceras  lOrthoeera$]  sulea* 
tulunij  M'Coy,'  etc.  These  I  have  identified  in  a  small  collection 
submitted  to  me  by  Mr.  Seward. 


Tleuronautilut  nodosO'carinatus. — 0,  lateral  riew,  showing  the  ornamentation  of  the 
test ;  b,  peripheral  view,  showing  the  deep  median  furrow,  and  the  septa  in  the 
lower  hiQf  of  the  figure,  where  the  test  is  ahsent.  0,  drawn  from  the  original 
specimen  in  the  Woodwardian  Museum,  Camhridge ;  6,  from  a  specimen 
presented  to  the  British  Museum  (Nat.  Hist }  hj  A.  C.  Seward,  Esq.,  M.A., 
F.G.S.    Both  figures  are  about  two-fifths  the  natural  size. 

From  the  Carboniferous  Limestone,  Caton,  Lancashire. 

1  In  Prestwich,  Geology  of  Coalbrookdale,  Trans.  Geol.  Soc.  ser.  ii.  yoI.  ▼.  pt  iii. 
p.  492,  pi.  il.  fig.  8,  1840. 

'  Faune  du  Calcaire  Carbonif^re  de  la  Belgique  (Ann.  du  Mus.  Roy.  d^Hist. 
Nat.  de  Belgique,  tom.  ii.),  p.  110,  pi.  xiii.  figs.  1-3  P  1878. 

s  Synop.  Garb.  Foss.  Ireland,  p.  8,  pi.  i.  fig.  4,  1844. 
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AeiinoeeraB  evleattdum  and  SdenoeheiluB  laHaeptatue  are  common 
in  the  Cement-stone  (Upper  division  of  the  Carboniferous  Limestone) 
of  the  West  of  Scotland.  I  have  myself  collected  them  in  the 
Arden  Quarry,  at  Nitshill,  near  Glasgow  (see  Cat.  Fobs.  Ceph.  Brit. 
Mus.  (Nat.  Hist),  pt.  i.  1888,  Suppl.  p.  319). 

The  present  species  has  been  well  described,  but  poorly  figured 
by  Armstrong  (Trans.  Qeol.  Soc.  Glasgow,  vol.  ii.  pt.  i.  p.  74,  pi.  L 
figs.  6-7)  under  the  name  of  Nautilus  (Diaeites)  nodiferus.  Its 
identity  with  Romer's  species  is,  however,  beyond  question. 

The  following  is  Armstrong's  description: — *' Shell  discoidal, 
composed  of  about  three  gradually  enlarging,  contiguous,  nearly 
subqnadrate  whorls,  completely  exposed  in  a  moderately  shallow 
umbilicus ;  back  broad,  rounded  at  the  edges,  and  traversed  in  the 
middle  by  a  wide  and  deep  channel,  on  the  sloping  sides  of  which 
are  two  fine  thread-like  ridges.  The  remainder  of  the  space  on 
the  back  and  sides  of  the  shell  is  occupied  by  six  rows  of  closely 
set,  prominent,  obtuse  tubercles,  elongated  in  the  direction  of  the 
aperture,  one  row  of  tubercles  of  large  sisse  bounding  the  back,  a 
double  row  of  equal  size  between  it  and  the  channel,  and  three  on 
the  sides,  which  decrease  in  size  towards  the  umbilicos.  Surface 
marked  with  coarse,  squamose,  wavy  lines  of  growth,  which  are 
arched  backwards  in  the  dorsal  [^ventral,  or  peripheral]  ohanneL 
Septa  numerous,  their  edges  arched  considerably  backwards  on  the 
periphery,  and  slightly  so  at  the  sides.  Siph uncle  iV  inch  diameter, 
central.  Dimensions — width  of  greatest  diameter  3^  inches,  width 
of  outer  whorl  near  the  aperture,  1  inch." 

The  specimen  presented  by  Mr.  Seward  is  a  valuable  accession  to 
the  British  Museum  collection,  which  hitherto  possessed  only  some 
small  fragments  of  this  beautiful  species.  These  are  described  in 
part  ii.  of  the  Catalogue  of  Fossil  Cephalopoda  (1891),  p.  139,  where 
also  Armstrong's  description  of  the  species  is  quoted. 


II. — On  80MB  Becent  Contributions  to  Pbeoambbian  Gboloot. 
By  J.  F.  Blaxb,  M.A.,  F.G.S. 

THE  last  two  numbers  of  the  Quarterly  Journal  of  the  Geological 
Society  contain  three  communications  concerning  rocks  which 
are,  or  are  thought  to  be,  Preeambrian.  Two  of  them  are  in  direct 
attack  on  work  of  mine,  and  the  third  incidentally  opposes  some 
portion  of  it  The  materials  of  any  reply  I  may  have  to  make  are, 
for  the  most  part,  already  published  in  my  papers,  but  the  bearing 
of  these  facts  seems  to  require  to  be  pointed  out. 

Taking  the  communications  in  order,  the  first  is  the  Anniversary 
Address  of  the  President.  In  this  he  deals,  so  far  as  my  work  is 
concerned,  first  with  Anglesey.  Sir  A.  Geikie  states  that  he  was 
not  prepared  by  previous  writings  for  certain  results  he  obtained. 
He  was  much  astonished  to  find  in  central  Anglesey  so  striking  a 
counterpart  to  portions  of  the  old  gneiss  of  the  north-west  of  Suther- 
land and  Ross.  Speaking  of  the  rocks  which  he  here  refers  to,  I 
wrote,  "  llie  question  is  suggested  whether  we  may  not  touch  here  a 
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piece  of  genuine  Arohadan."  *  ThiB  question  Sir  A.  Geikie  answers 
offhand — by  the  guidance  of  petrographical  characters — aided  by  the 
hummocky  surface  of  the  ground,  which  latter,  however,  is  not 
oonfiAed  to  ArchsBan  gneisses.  These  petrographical  characters  I 
have  described,'  and  state  that  the  rocks  have  ''  much  the  aspect  of 
a  Highland  gneiss  " ;  but  I  do  not  think  these  characters  may  safely 
'*  be  taken  as  a  guide  "  to  age.  There  is  certainly  at  this  moment  a 
controversy  whether  they  can  be  or  not. 

Sir  Archibald  then  speaks  as  if  no  order  of  succession  has  been 
made  out  in  the  Anglesey  rocks,  and  as  if  their  metamorphism  was 
the  only  argument  for  their  Precambrian  age  in  the  strictest  sense. 
I  would  point  out  that  near  Beaumaris  the  Lowest  Cambrian  has 
been  shown  to  overlie  them. 

But  the  most  important  matter  is  the  decision  of  the  age  of  the 
rooks  of  the  Northern  District  which  the  Director-General  now 
considers  to  be  Silurian.  He  states  in  the  first  place  that  ''the 
necessity  for  inserting  "  the  bounding  "  fault  apart  from  any  actual 
visible  trace  of  its  occurrence  arose  when  the  conclusion  was  arrived 
at  that  the  rocks  at  the  extreme  north  of  Anglesey  were  essentially 
altered  Cambrian  rocks."  That  is  to  say,  it  is  a  theoretical  fault. 
Dr.  Callaway  has  given  evidence  for  this  fault,  and  my  own  state- 
ment is:  "In  this  Northern  District  a  very  definite  sequence  of 

rocks  may  be  demonstrated We  can  follow  the  strike  with 

considerable  accuracy.  Now,  whatever  part  of  the  series  we  may 
be  on  from  the  lowest  to  the  highest,  and  therefore  whatever  class 
of  rock  is  on  the  northern  side  of  the  fault,  as  soon  as  we  overstep 
that  boundary  we  are  immediately  landed  in  black  shales,  which 
have  a  pretty  uniform  character  throughout.  This  leaves  no  alterna- 
tive but  a  fault  or  an  unconformity  ;  if  it  were  an  unconformity,  the 
upper  group  would  run  parallel  to  the  boundary,  which  it  does  not." 
Whoever  denies  this  fault,  let  him  answer  this  argument,  and  also 
explain  how  masses  of  Oemmaes  Limestone  come  to  be  found  in  the 
basal  Silurian  conglomerates. 

In  fact,  however,  this  line  is  not  in  modem  language  a  fault,  but 
a  "thrust"  The  Director  adds:  "Where  the  supposed  elliptical 
fault  reaches  the  shore  at  Carmel's  Point,  the  two  groups  of  rock 
seem  to  me  to  follow  each  other  in  unbroken  sequence."  So  they 
do  to  me,  but  things  are  not  always  what  they  seem.  At  Cndg-an 
Knockan,  Boss-shire,  and  elsewhere,  there  is  an  apparent  "  conform- 
able upward  succession"  between  Silurian  rocks  and  the  overlying 
gneisses.  The  little  bands  of  black  slate  caught  up  in  the  motion 
in  Anglesey  are  just  what  we  might  expect  in  a  similar  case. 

Dealing  next  with  the  nature  of  the  upper  part  of  the  rocks,  some 
of  which  have  yielded  fossils,  he  states  that  they  include  "  courses  of 
black  shale  containing  Lower  Silurian  Graptolites";  also  "it  has  been 
supposed  that  the  higher  bands  of  black  shale  may  also  have  been 
brought  into  their  present  position  by  faults"  . . .  "but  this  suggestion 
is  completely  disproved  by  the  coast  sections,  which  exhibit  many 
thin  leaves  of  black  shale,  sometimes  less  than  an  inch  thiok.^ 
^  Q.J.a.S.  Tol.  zliv.  p.  497.  '  £ep.  Brit.  Assoc,  for  1888,  p.  32. 
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1  am  not  aware  that  there  are  any  courses  (in  beds  parallel  to  the 
rest)  of  black  shale ;  the  faults  which  let  down  the  masses  which 
are  said  to  have  yielded  Oraptolites  may  be  seen  on  both  sides.  If 
there  are  thinner  black  shale  bands  which  I  have  not  observed,  that 
is,  no  doubt,  a  point  to  be  considered  ;  but  it  could  only  be  decisive 
if  they  contained  Graptolites  of  known  Silurian  species. 

The  Director  sums  up  by  saying  that  this  area  "  is  proved  by  the 
evidence  of  fossils  at  its  base,  towards  its  centre,  and  at  its  top  to 
belong  to  the  Lower  Silurian  series."  This  sounds  like  a  settled 
matter.  But  may  I  ask  (or  rather  can  I  get  an  answer  to  the 
questions  ?)  What  is  the  lowest  bed  of  the  series  above  the  Black 
Shales?  What  are  the  names  of  the  supposed  Silurian  fossils  it 
contains  ?  and  where  may  they  be  seen  ?  AH  Sir  A.  Bamsay  says 
IS,  '*  On  the  north  by  the  shore  a  few  poor  fossils  in  irregular  bands 
of  limestone  clearly  indicate  the  Caradoc  or  Bala  age  of  some  of 
the  beds."  What  are  the  names  of  the  Oraptolites  which  oocur 
towards  the  centre  ?  and  what  is  the  proof  that  Or  this  Bayleana  is 
a  Bala  fossil  ? 

The  arguments  generally  for  the  Monian  age  of  these  northern 
rocks  are  these :  The  volcanic  group  is  more  or  less  repeated  in 
various  parts  of  the  island.  It  must  be  admitted,  however,  that  those 
that  most  resemble  these  northern  rocks  do  not  clearly  show  their 
stratigraphical  relations.  The  quartz  knobs  and  limestone  masses 
which  are  found  amongst  them  also  characterize  parts  which  are 
admittedly  Precambrian.  It  may  be  said  against  this  that  these 
may  be  of  several  ages ;.  but  it  is  strange  that  they  occur  only  in 
Anglesey  and  amongst  these  rocks.  Bala  rocks  are  known  in  the 
island  as  black  shales  proved  to  be  Bala  by  their  named  fossils  (see 
IVlem.  Geol.  Survey,  vol.  iii.  p.  225),  including  Orihides;  but  none  of 
these  are  0.  Bayleana^  and  it  would  be  strange  that  the  volcanic 
rocks  of  different  ages  should  be  so  similar  north  and  south,  and 
rocks  of  the  same  age  so  different  in  the  centre.  If  all  these 
arguments  could  be  met  and  the  volcanic  group  were  accepted  as 
Bala,  the  next  alternative  would  be  that  of  Sir  A.  Bamsay,  to 
consider  part  Silurian  and  part  Cambrian,  the  line  of  separation 
being  obliterated  by  the  squeezing.  Otherwise,  if  all  were  Bala, 
we  should  have  identical  chloritic  schists  at  Llanflewin  and  Abersant, 
the  former  Bala,  the  latter  overlaid  unconformably  by  Arenig  grit, 
to  say  nothing  of  similar  rock  overlaid  by  the  same  at  Carmel's  Point 
and  Treiorwerth. 

I  have  next  to  notice  the  reasons  given  for  rejecting  the  term 
"Monian"  for  a  series  of  rocks  in  Scotland,  of  which  it  can  be 
written,  "  No  one  familiar  with  the  Dalradian  rocks  of  Scotland  and 
Ireland  can  fail  to  be  struck  with  the  close  resemblance  which  these 
younger  Anglesey  schists  bear  to  them,  down  even  to  the  minutest 
details,"  and  **if  we  are  justified  in  grouping  these  Anglesey  rocks 
with  the  Dalradian  schists."  I  will  not  say  that,  if  by  "  Dalradian  " 
is  meant  the  whole  of  the  seventeen  groups  enumerated,  these  reasons 
€is  a  whole  are  not  well  founded,  since  in  that  case  it  may  include 
more  than  one  system,  of  which,  to  judge  from  the  statements  made 
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and  if  petrography  can  be  shown  in  this  case  to  be  a  safe  guide,  the 
Monian  is  certainly  one.  But  on  the  next  page  (75)  it  is  stated  that 
Dal  radian  is  proposed  for  the  "crystalline  schists"  alone.  In  a 
note  he  says  that  the  Monian  includes  Archaean  gneiss.  This  it 
does  not  do,  for  if  the  rocks  which  I  suggested  might  be  Arohsean 
gneiss  were  proved  to  be  so,  that  fact  would  exclude  them  from  the 
Monian ;  and  if  they  are  not  Arohsdan  gneiss  they  are  foliated 
granite,  and  as  such  form  no  part  of  the  system.  Also  that  it 
includes  **  strata,  volcanic  and  fossiliferous,  of  undoubtedly  Bala  age.*^ 
But  even  if  this  could  be  proved,  these  strata  could  be  eliminated 
from  the  Monian  without  destroying  its  existence  or  making  it 
much  smaller. 

1  now  pass  to  the  next  paper  by  Dr.  Callaway  "  On  the  Uncon- 
formities between  the  Bock  Systems  underlying  the  Cambrian 
Quartzite  in  Shropshire." 

The  first  question  dealt  with  is  the  age  of  the  "  Volcanic  series  " 
or  Urioonian.  This  I  concluded  to  be  younger  than  the  Longmynd 
shales.  The  evidence  I  brought  forward  for  this  was  entirely 
original,  for  Dr.  Callaway  never  discussed  the  question  at  aU,  to  my 
knowledge,  and  even  now  he  does  not  bring  forward  a  shred  of 
positive  evidence  that  it  is  older*  He  says  they  are  faulted  together, 
ih  which  case  either  might  be  the  younger.  The  fact  is  he  proved 
the  Urioonian  to  be  older  than  the  Cambrian  Quartzite,  and  assuming 
the  Longmynd  shales  to  be  Cambrian  also,  that  carried  the  point. 
Even  now,  I  can  scarcely  regard  its  younger  age  as  definitely  proved; 
it  may  be  that  they  are  more  or  less  contemporaneous  in  spite  of 
any  diflference  of  strike.  All  I  can  say  is  that  all  the  evidence 
available  is  most  in  favour  of  the  volcanic  series  being  younger ;  and 
actually  Dr.  Callaway's  own  statements  are  primd  facie  to  the  same 
efifect.  Thus  he  refers  to  a  locality  on  the  S.  £.  of  Ragleth  (which 
after  careful  searching  I  failed  to  find)  where  shale  like  the  Long- 
mynd shale  is  overlaid  by  red  felsite.  Again,  he  states  that  near 
Hazier  cottages  the  Longmynd  slate  near  its  junction  with  the 
Urioonian  **  has  a  burnt  appearance  and  the  cracks  are  injected  with 
Ted  felspar." 

He  next  refers  to  the  Pontesford  Hill  area,  and  says  that  the  rocks 
next  the  rhyolite  are  not  altered.  Assuming  that  they  are  not, 
though  to  my  mind  they  certainly  are,  the  section  is  still  proved  by 
stratigraphy  to  lie  above  the  whole  of  the  Longmynd  series.  It  ie 
difBcult  to  understand  the  gist  of  the  concluding  sentence:  *^As 
this  crucial  case  breaks  down  on  examination,  I  thought  it  needless 
to  re-examine  the  other  masses  of  Urioonian  which  appear  on  the 
line  of  the  great  Pontesford  Linley  fault."  If  it  means  that  because 
in  his  opinion  I  am  in  error  about  the  alteration  (in  common  with 
Sir  K.  I.  Murchison,  who  seems  to  have  examined  this  district  more 
thoroughly  than  any  one  else),  therefore  I  am  unworthy  of  credence, 
his  paper  might  have  conveniently  stopped  there. 

Turning  next  to  the  unconformity  in  the  middle  of  the  Longmynd, 
be  selects  for  sole  examination  the  section  at  Narnells  rock.  I  give 
the  junction  as  it  is  actually  seen,  and  this  is  what  I  say  about  it 
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''The  grit  is  here  seen  to  he  unoonformahle,  hut  the  eyidenoe  is 
scarcely  satisfactory  or  conclusive.  If  it  had  heen  oonformahle,  the 
motion  which  is  indicated  hy  the  sHckensides  might  easily  have 
produced  the  amount  of  unconformity  apparent."  Dr.  Callaway 
says  just  the  same,  *'The  grit  appears  to  have  heen  a  little  squeezed 
into  the  slate,  so  that  here  and  there  a  trivial  unconformity  is 
apparent."  According  to  his  section,  which,  hy  the  way,  is  not 
what  is  seen  at  any  one  spot,  hut  is  made  up  from  several  exposures, 
all  the  rocks  have  the  same  dip,  so  there  is  an  apparent  conformity. 
It  is  not  easy  to  see  how  an  apparent  conformity  oomhined  with 
an  apparent  unconformity  can  '•  ahsolutely  disprove "  the  reality  of 
either  one  or  the  other.  My  deduction  is  that  the  evidence  here  is 
not  conclusive.  But  other  evidence  is,  or  at  least  is  put  forward  as 
such,  hut  it  is  not  tackled  by  the  critic. 

With  regard  to  the  conglomerates  and  grits  found  on  the  "  Yolcanio 
Hills  "  being  superficial  or  otherwise,  it  will  be  well  to  state  what 
I  regard  as  evidence  of  a  rock  being  superficial.  When  the  boundary 
of  a  rock  is  of  an  irregular  kind,  like  the  outline  of  a  map,  and  is 
surrounded  on  all  sides  by  other  rocks  which  have  a  more  definite 
strike,  particularly  if  its  boundary  is  nearly  horizontal  and  follows 
approximately  the  contours  of  the  present  valleys,  I  take  it  to  be 
superficial.  In  proportion,  of  course,  as  these  features  are  wanting, 
the  evidence  is  less  satisfactory.  They  are  all  fulfilled  by  the  grit 
on  Caidington  Hill.  I  am  not  at  all  sure  that  Dr.  Callaway  has  seen 
this  patch,  for  the  rock  which  composes  it  is  not  like  the  Woodgate 
quarry  rock.  As  to  Charlton  Hill,  Dr.  Callaway  gives  a  section, 
but  this  section  is  not  seen,  but  inferred.  The  map  I  give  is  what 
is  actually  aeen,  and  this  proves  the  inference  to  be  wrong.  I  am. 
sorry  to  say  that  this  map,  on  p.  410,  is  so  small  that  it  requires 
a  lens  to  examine  it.  Small  circles  on  it  indicate  exposures,  and 
the  boundary  lines  are  drawn  to  include  exposures  of  similar  rock. 
Let  Dr.  Callaway  show  that  this  is  wrong.  It  is  drawn  carefully  to 
scale  on  the  One- inch  Ordnance  Map,  and  there  cannot  be  the  slightest 
difficulty  in  knowing  the  exact  spots  intended.  The  same  remark 
will  apply  to  the  two  patches  of  igneous  rock  "near  the  south- 
eastern end  of  the  Wrekin,"  as  to  which  he  says  he  is  in  the  dark; 
a  lens  will  show  him  extteily  where  they  are  on  the  One-inch  Map. 

On  the  crystalline  rock  of  the  Ercal,  it  will  be  sufficient  to  compare 
the  two  following  passages :  "  Prof.  Bonney  said  the  rhyolito  was 
clearly  intrusive  in  the  granitoid  series"  (Q.J.G.S.  1879,  p.  669). 
"He"  (Prof.  Bonney)  "cannot  find  any  distinct  proof  of  the  intrusion 
of  the  felsite  in  the  granite"  (Q.J.G.S.  1891,  p.  118). 

Finally,  with  regard  to  the  difference  in  strike  of  the  rooks  of  the 
Volcanic  Hills  and  the  Longroynd  rocks,  it  does  not  appear  to  me 
to  be  of  any  great  consequence,  and  in  any  case  does  not  prove  the 
former  to  be  older.  Many  of  the  rocks  in  the  fornier  have  no  strike 
at  all,  and  the  strikes  noticed  are  very  variable.  Volcanic  rocks,  even 
when  clastic,  are  apt  originally  to  have  a  qu&qu&versal  dip,  and  more 
than  all,  the  rocks  on  the  eapt  side  of  the  great  fault  have  had  to 
bear  the  brunt  of  all  the  earth-movements,  and  they  have  yielded  to 
them  in  no  simple  way. 
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The  third  paper  I  wish  to  speak  of  is  by  Miss  Raisin,  '^  On  the 
Lower  Limit  of  the  Oambrian  Series  in  N.W.  Camarvonshiro." 
This  I  have  only  here  to  refer  to  as  it  deals  with  supposed  Pre* 
Cambrian  rocks.  One  general  observation  is  necessary.  The 
authoress  oontinaally  speaks  of  my  oonclnsions  as  **  new."  They 
are  in  fact  essentially  the  conclusions  of  Sir  A.  Ramsay,  and  the 
only  novelty  about  them  is  the  reconciliation  of  these  with  some 
portion  of  the  more  recent  conclusions  of  other  writers. 

The  proofs  which  I  gave  of  the  geneiral  correctness  of  Sir  A. 
Ramsay's  conclusion  Miss  Raisin  has  sought  to  invalidate,  and  in 
one  case  I  have  now  to  acknowledge  she  has  done  so  with  success. 
On  re-visiting  Bryn-Efail  I  find  that  her  reading  of  the  section  is 
the  true  one,  and  my  own  is  erroneous.  I  would  make  this  acknow- 
ledgment in  any  case,  but  I  do  it  now  with  all  the  more  readiness, 
that  I  find  that  the  mistake  is  an  entirely  gratuitous  one.  If  my 
reading  had  been  correct,  it  would  have  constituted  a  difficulty,  rather 
than  an  aid  in  the  true  reading  of  the  district. 

The  fact  is,  that  when  I  wrote  my  paper  I  was  studying. Pre- 
cambrian  rocks,  and  as  soon  as  I  found  that  there  were  none  in  the 
district — for  the  proof  of  which  the  other  observations  are  amply 
sufficient,  and  had  led  me  to  this  conclusion  before  ever  I  saw 
firyn-Efail — 1  grudged  any  more  time  for  the  subject,  and  was  glad 
of  a  short  cut,  which  has  proved  to  be  disastrous.  I  saw  that  to 
understand  the  real  history  of  these  volcanic  masses  involved  a 
survey  of  the  whole  of  the  Oambrian  rocks  of  the  district — a  task 
from  which  I  shrank.  That  survey  I  have,  however,  now  made, 
and  hope  shortly  to  present  the  results.  By  this  I  have  learnt,  that 
a  great  number  of  previous  supposed  results,  some  of  my  own  among 
them,  are  entirely  wide  of  the  mark.  The  only  thing  that  becomes 
clearer  than  ever  is  that  there  are  no  stratified  Precambrian  rocks  in 
the  ordinary  sense  in  North- West  Carnarvonshire.  These  results  will 
render  it  useless  to  reply  to  any  other  points  in  Miss  Raisin's  paper. 


w 


IIL — A  MiMiATURB  Illustration  of  Normal  Faultiko. 
By  T.  Mblla&d  Rbadb,  C.E.,  F.G.S. 

HEN  examining  the  Glacial  drift  at  Nevin,  Carnarvonshire,  I 
.  .  observed  in  a  banded  silty  clay  occupying  the  top  of  the  cliff 
of  drift  at  a  point  between  Purth  Nevin  and  Perth  Bodeilias,  an 
excellent  illustration  of  my  theory  of  Normal  Faulting.^ 

The  bed  in  question  consisted  of  an  extremely  finely  laminated 
silty  clay,  sometimes  called  book-leaf  clay,  the  laminations  being 
grouped  in  ribands  about  half  an  inch  wide  and  six  inches  apart, 
of  lighter  and  darker  colours,  presenting  a  striped  appearance  very 
conspicuous  from  the  shore.  In  the  upper  part  of  the  bed  the  bands 
were  continuous,  though  a  little  wavy :  the  lower  part  of  the  bed, 
as  far  as  it  was  visible  above  the  talus  of  sand,  was  faulted  as 
shown  in  the  accompanying  diagram  (Fig.  1).  These  faults  simu- 
lated in  a  remarkable  manner  sections  of  faulted  coal-fields  which 
^  Chap.  Tiii.  Origin  of  Mountain  Banges, 
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have  been  drawn  from  actual  mining  exploration  and  meaanreroent 
I'he  greatest  throw  was  8^  inches  measured  on  the  hade  of  the  fault. 
Almost  every  feature  of  Normal  Faulting  was  reproduced  in  miniature 
by  this  natural  diagram,  among  which  are  the  dropping  of  the 
wedge-shaped  blocks  (as  at  «,  Fig.  1) :  the  universal  hade  to  the 
downthrow ;  the  occasional  curve  of  the  beds  (bands)  downwards 
on  one  side  and  upwards  on  the  other  as  at///,  the  result  of  slipping 
and  the  tight  fitting  together  of  all  the  parts  or  wedges  into  which 
the  strata  have  been  divided  by  shearing. 


Fio.  1. — Section  of  faulted  laminated  silty  clay  as  exposed  in  the  Cliffs  of  Glaeial 
Drift  at  Nevin,  Camaryonshire.     Scale  ^  inch  to  a  foot  (a  portion  only.) 
a.  Banded  laminated  silty  clay  (nnfaulted). 
h.  Cavity,  the  underside  at  x  studded  with  hardened  g;utte  of  sand,— the  earity 

in  i>art  being  filled  with  sand. 
c.  Similar  band^  clay  to  a,  bnt  faulted  as  shown. 
<f.  Talus  of  sand  below  this. 

It  is  evident  that  the  faulting  of  these  banded  beds  is  due  to  their 
contraction  and  loss  of  volume,  either  by  actual  drying  or  by  the 
draining  away  of  their  water.  Between  the  overlying  unfaulted 
bed  (a)  and  the  faulted  bed  (c)  there  was  a  cavity  at  (6)  six  inches 
wide  at  the  widest  part  On  the  bottom  or  underside  of  the  un- 
faulted bed  at  x  were  *'  gutted  "  or  drops  of  hardened  sand,  the  under- 
side looking  as  if  studded  with  petrified  raindrops.  Probably  this 
cavity  was  formerly  a  thin  bed  of  sand  which  allowed  the  surface 
water  percolating  through  the  upper  bed  to  drain  away  without 
affecting  the  lower  bed.  It  is  not  easy  to  trace  the  exact  modvf 
operandi  of  Nature  in  this  case,  as  observation  was  difficult  from 
the  insecure  foothold  on  the  sand  talus  at  d. 

An  examination  of  the  constitution  of  this  laminated  silt  by 
breaking  up  six  ounces  of  it  in  water  and  riddling  it  showed  that 
a  few  grains  of  sand  only  were  caught  in  a  mesh  of  -i^  of  an  inch, 
and  10  grains  by  weight  of  sand  in  a  mesh  riir  of  an  inch.  All 
the  rest  passed  through  the  xiir  ii^ch  mesh  and  f  oz.  and  10  grs. 
were  caught  by  precipitation. 

The  portion  that  flowed  away  without  precipitation  must  have 
consisted  largely  of  very  small  granules,  probably  of  quartz,  for  the 
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•ilty  clay  when  dry  rnbe  on  to  the  fingers  like  flour.  This  pecaliar 
constitution,  together  with  the  fine  sandy  h»minations  at  which  the 
clay  readily  separated,  rendered  the  material  very  "short"  on  dryings 
facilitating  its  rupture  by  shearing  and  the  keying  up  of  its  divided 
portion  by  wedging,  on  the  principle  known  to  mechanics  as  ''  fox 
wedging."  If  the  bands  were  replaced  in  their  original  position, 
they  would  not  fill  up  the  gap.  The  material  must  shrink  a  good 
deal  in  drying. 

If  we  substitute  Tolumetrioal-contraction  by  change  of  temperature 
for  contraction  by  loss  of  moisture,  and  increase  the  size,  weight, 
and  rigidity  of  the  beds,  we  have  at  once  my  theory  of  Normal 
Faulting,  as  explained  in  chapter  viii.  of  the  Origin  of  Mountain 
Banges.  It  is  certainly  remarkable  how  the  material  gets  repacked 
by  shearing  and  wedging  up,  even  in  such  miniature  faultings  as  are 
here  described.  There  are  absolutely  no  cavities,  the  faults  being 
mere  lines,  so  close  do  the  constituent  parts  fit  each  other.  No  doubt 
Nature  reproduces  great  faulting  in  this  miniature  manner  through 
the  small  shearing  strength  of  the  beds.  Had  there  been  more  clay 
in  the  material,  it  would  have  proved  too  plastic  for  the  purpose. 
In  the  actual  faulting  of  the  earth's  crust  the  weight  of  the  rock  is 
much  greater  in  proportion  to  the  shearing  stress  brought  into  play 
by  contraction. 

In  conclusion  I  ask,  as  a  suggestion  for  the  consideration  of  those 
who  have  studied  the  subject,  whether  the  minute  faults  sometimes 
found  in  banded  slates  have  not  been  produced  in  somewhat  the 
same  manner.^  It  certainly  seems  clear  to  me  that  the  faulting  in 
such  cases  has  preceded  the  cleavage. 


ly. — On  thb  Amount  of  Sand  brought  up  bt  Lobwosms  to  thb 

SURFAOB. 

By  Chaslbb  Datibon,  M.A., 
Mathematical  Master  at  King  £dward*B  High  School,  Bimungham. 

TEN  years  ago  Charles  Darwin  published  his  last  work,'  the 
result  of  more  than  forty  years'  observations  on  the  habits  of 
earthworms  and  the  rate  at  which  they  bring  up  soil  to  the  surface. 
To  ascertain  this  rate,  he  made  use  of  two  methods.  In  the  first 
place  he  measured  the  rate  at  which  layers  of  lime  or  cinders  were 
covered  over  by  the  spread-out  castings  of  worms ;  and,  later,  he 
collected  and  weighed  all  the  castings  thrown  up  over  a  definite 
area  within  a  given  time.  As  is  well  known,  the  general  result 
of  his  investigation  was  greatly  to  exalt  our  ideas  of  the  importance 
of  earthworms  and  of  the  work  they  do  upon  the  surface  of  the  land. 
The  work  performed  by  lobworms  on  the  surface  of  tidal  sands 
seeming  not  less  worthy  of  study.  I  made  some  observations  on  the 
subject  during  a  short  stay  in  Holy  Island  last  August.  Between 
this  island  and  the  opposite  coast  of  Northumberland  is  an  expanse 

«  See  "  A  Faulted  Slate''  by  J.  J.  Harris  Teall,  Gbol.  Mao.  1884,  pp.  1,  2. 
<  «<The  Foimation  of  Vegetable  Mould,  through  the  action  of  Womis,  with 
Obeerrationa  on  their  Habits,^'  1881. 
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of  sand  (called  the  Holy  Island  Sands)  about  three  miles  wide, 
which  is  kid  bare  by  the  sea  a  few  hours  after  high- water,  and  is 
then  seen  to  be  thickly  studded  with  castings  formed  by  lobworms. 
In  any  one  spot,  the  castings  seem  to  be  scattered  with  a  fair 
approach  to  uniformity,  but  patches  of  sand,  apparently  not  di£fering 
from  the  rest,  occur  in  places  without  any  castings.  When  the 
surface  is  covered  with  broken  shells,  they  are  also  rare  or  altogether 
absent,  unless  the  sand  is  much  ripple- marked,  and  then  the  shells 
collect  in  the  hollows,  while  castings  are  common  on  the  inter- 
vening ridges.  A  few  observations  were  also  made  in  the  two  bays 
on  the  north  side  of  the  island,  but  here  the  beach  is  more  exposed, 
and  consequently  the  castings,  though  hardly  less  numerous,  had 
lost  more  from  the  action  of  the  rougher  sea. 

It  will  be  obvious  that  the  second,  but  more  accurate,  of  Mr. 
Darwin's  methods  was  the  only  one  that  could  be  followed  with 
profit  in  the  present  case.  In  several  places  where  the  castings 
were  uniformly  scattered,  I  marked  off  spaces  bounded  by  straight 
lines,  some  of  them  roughly  square,  but  the  majority  triangular  in 
form.  Within  these  spaces  I  counted  all  the  castings  that  had  been 
thrown  up,  with  one  exception,  either  about  or  after  the  time  of  low- 
tide,  and  from  six  of  them  filled  wide-mouthed  jars  with  castings, 
which  were  afterwards  thoroughly  dried  and  weighed. 

Number  of  castings  in  a  given  area. — On  the  Holy  Island  Sands, 
I  counted  the  number  of  castings  in  nineteen  measured  areas,  all  but 
one  within  the  square  mile,  bounded  on  two  sides  by  the  Snook  and 
the  west  coast  of  the  island.  The  smallest  of  these  areas  contained 
2,679  square  inches,  the  largest  17,278 ;  the  average  being  6,268 
square  inches,  or  a  little  less  than  five  square  yards.  In  order  to 
compare  the  results  with  one  another,  and  with  those  given  by 
Mr.  Darwin,  I  have  calculated  in  each  case  the  equivalent  number 
of  castings  per  acre.  The  smallest  number  so  found  is  39,935,  the 
largest  203,272.  In  both  these  cases  the  castings  were  fairly  large. 
In  two  other  areas,  where  the  castings  were  the  largest  I  have  seen, 
the  numbers  are  52,568  and  70,372.  Taking  all  the  19  areas  together, 
the  average  number  of  eastings  is  82,423  per  acre,  or  more  than  fifty 
million  per  square  mile. 

On  the  north  coast  of  the  island  there  are  two  bays  in  which 
patches  of  sand  occur.  In  each  of  these  I  counted  the  number  of 
castings  in  three  measured  areas,  but  the  numbers  here  given  may  be 
too  small,  for  the  castings  had  obviously  lost  much  by  the  rougher 
sea,  and  it  is  possible  that  some  were  altogether  obliterated.  In 
Caves  Haven,  the  more  westerly  of  the  two  bays,  the  average  area 
measured  was  10,162  square  inches ;  and  the  numbers  of  castings  per 
acre  were  86,344,  75,345  and  50,036,  the  average  of  these  being 
70,575  per  acre.  In  the  other  bay,  that  to  the  west  of  Emanuel 
Head,  the  average  area  measured  was  5,714  square  inches,  and  the 
numbers  of  castings  per  acre  227,177,  65,584  and  62,114,  the  average 
being  94,466  per  acre.  The  castings  in  the  first  of  the  last  three 
areas  were  however  small. 

Weight  of  the  castings  in  a  given  area. — Castings  were  collected 
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from  four  areas  on  the  Holy  Island  Sands  with  the  following 
resnlts : — 

(1)  About  100  yards  from  the  Holy  Island  shore  and  nearly 
opposite  the  village,  a  triangular  area  of  13,634  square  inches  was 
measured  off.  It  contained  87  castings,  equivalent  to  40,322  per 
acre.  Sixteen  of  these  were  collected;  their  total  weight  when 
dried  was  7,955  grains,  t.e.  an  average  of  497  grains  or  about  l^oz« 
for  each  casting.  Now,  the  number  of  high  tides  in  the  year  is  705. 
Hence,  if  the  same  number  of  castings  are  formed  every  day 
throughout  the  year,*  the  total  weight  of  castings  thrown  up 
annually  would  be  901  tons  per  acre. 

(2)  About  100  yards  from  the  shore  and  nearly  opposite  the 
old  lime-kilns,  an  area  of  6,324  square  inches  contained  53  castings, 
i.e.  at  the  rate  of  52  568  per  acre.  These  castings  were  all  large. 
Six  of  them  weighed  7,986  grains,  or  on  an  average  1,331  grains  or 
about  3  oe.  each.  The  total  weight  thrown  up  annually  would  thus 
be  3,146  tons  per  acre. 

(3)  About  100  yards  N.W.  of  the  last  place  and  the  same  distance 
from  the  shore,  an  area  of  7,844  square  inches  contained  88  castings, 
equivalent  to  70,372  per  acre.  All  of  these  castings  were  large. 
Seven  of  them  weighed  6,963  grains,  i.e.  an  average  of  995  grains 
or  about  2^  oz.  each.  At  this  rate,  the  weight  of  sand  brought  up 
annually  would  be  3,147  tons  per  acre. 

(4)  About  one  mile  N.W.  of  the  village  and  a  quarter  of  a  mile 
from  the  shore,  an  area  of  5,304  square  inches  contained  38  castings, 
or  44,941  per  acre.  These  castings  were  very  much  smaller  than 
are  usually  found  on  the  Holy  Island  Sands,  and  only  about  half  the 
average  number  per  acre.  Twenty  of  them  weighed  4,444  grains, 
t.e.  an  average  of  222  grains  or  about  half  an  ounce  each ;  giving  a 
total  weight  ejected  annually  of  449  tons  per  acre. 

Taking  the  average  of  these  four  estimates,  we  find  that  the 
amount  of  sand  brought  up  to  the  surface  by  lobworms  every  year  is 
1,911  tons  per  acre.*  But  tliis  is  probably  less  than  the  actual 
amount ;  for,  though  the  castings  in  the  second  and  third  areas  were 
larger  than  usual,  yet  in  the  fourth  they  were  much  below  the 
average  size,  and  in  every  case  the  number  of  castings  per  acre  was 
less,  and  in  two  cases  much  less,  than  the  average  number  fonued  on 
the  Holy  Inland  Sands. 

On  the  north  side  of  the  island,  in  Oaves  Haven,  castings  were 
collected  from  two  places : 

(5)  An  area  of  12,568  square  inches  contained  173  castings, 
equivalent  to  86,344  per  acre.     Sixty  of  these  castings  weighed 

^  I  hare  not  been  able  to  learn  anything  decisive  on  this  point,  but  I  was  informed 
by  a  resident  on  Holy  Island  that  the  castings  appeared  to  be  quite  as  numerous  there 
in  winter  as  in  summer. 

*  Mr.  Darwin  has  calculated  the  amount  of  soil  brought  up  by  earthworms  in  four 
cases,  one  of  these  being  near  Nice  and  the  other  three  in  England.  The  results 
are  14*68,  18-12,  7  66,  and  16-1  tons  per  acre  every  year  (pp.  160-169).  The 
STeraee  of  these  estimates  bein^  14*09  tons  per  acre,  it  follows  that  the  weight  of 
sand  brought  up  by  lobworms  is  136  times  tne  weight  of  soil  brought  up  by  earth* 
worms  over  an  equal  area  in  the  same  time. 
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6,119  grains;  or,  on  an  average,  102  grains  or  about  a  quarter  of 
an  ounce  each.  At  this  rate  the  total  weight  of  sand  brought  up 
anuually  would  be  396  tons  per  acre. 

(6)  An  area  of  13,154  square  inches  contained  158  castings, 
equivalent  to  75,345  per  acre.  Sixty  of  them  weighed  5,835  grains, 
i.e.  an  average  of  97  grains  or  less  than  a  quarter  of  an  ounce  for 
each  casting.  The  total  weight  of  sand  brought  up  annually  would 
thus  amount  to  329  tons  per  acre. 

The  average  of  these  two  estimates  is  363  tons  per  acre,  less  than 
one-fifth  of  the  average  for  the  Holy  Island  Sands.  But  it  must 
be  much  less  than  the  amount  of  sand  actually  brought  up,  for  the 
castings  in  Caves  Haven  had  evidently  suffered  considerable  degra- 
dation and  some  may  have  entirely  disappeared. 

Volume  of  sand  spread  over  a  given  area, — After  the  sand  from 
each  of  the  six  areas  had  been  thoroughly  dried  and  weighed,  it  was 
placed  in  a  measuring-glass  and  pressed  firmly  down,  in  order  to 
determine  roughly  the  volume  of  sand  brought  up  annually  over  an 
acre.    The  results  are  given  in  the  following  table : — 

Volame  of  sand  Thickness  of  the 
brought  up  anna-       layer  of  sand 

ally  per  acre.  bruught  up  i 
c.  ft.  ins. 


!l)  Holy  Island  Sands 
2) 
4) 

(6)  Cares  Haren 
(6) 


Volume  of 

castings 

ooUecteil 

c.  ins. 

.    20*93 

,     20-99 

.     18-43 

.     1202 

.     1648 

16*99 


21,622 
80,815 
76,591 
11,022 
9,670 
8,192 


6  93 
22-26 
20  82 
304 
2*66 
2*26 


.  On  the  Holy  Island  Sands,  therefore,  the  average  volume  of  sand 
ejected  by  lobworms  every  year  is  47,237  a  ft.  per  acre,  and  tbe 
average  thickness  of  the  layer  formed  by  it  is  13  inches.  In  Caves 
Haven,  the  average  volume  of  sand  ejected  annually  is  8,931  c.  ft. 
per  acre,  and  the  average  thickness  of  the  layer  formed  by  it  is  2^ 
inches. 

Now,  according  to  Carpenter,  the  depth  to  which  lobworms 
burrow  is  from  12  to  18  inches,  and  according  to  Johnston  about 
two  feet^  Taking  the  higher  of  these  two  estimates,  it  follows  that, 
in  the  Holy  Island  Sands,  the  layer  of  sand  in  which  the  lobworms 
live  must  on  an  average  pass  through  their  bodies  once  in  22  months. 

Qeologieal  work  of  Lobworms. — The  figures  above  given  will  show, 
I  think,  how  important  is  the  work  accomplished  by  lobworms. 
!We  have  seen  that  over  an  acre  nearly  two  thousand  tons  of  sand 
are  brought  up  by  them  in  the  course  of  a  year  and  deposited  on  the 
surface.  Of  course,  the  distance  through  which  it  is  carried  is  not 
great;  but,  unlike  most  other  agents  of  geological  change,  it  is 
carried  in  the  direction  opposite  to  that  in  which  gravity  acts.  The 
uppermost  layer  of  sand  must  frequently  pass  through  the  bodies  of 
lobworms,  and  in  this  way  the  sand-particles  must  become  slightly 


»  Dr.  W.  B.  Carpenter, 
**  A  Catalogue  of  the  British  Non-paraaitical 
Hoseum  "  (1865),  p.  230. 


Zoology  "  (1867),  toL  u.  p.  800.    Dr.  G.  Johnston, 
*  '    '  Worms  in  the  Collection  of  the  British 
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worn.  But  this  is  of  small  importance  compared  with  the  fact  that 
fresh  sand  is  being  continually  introduced  by  them  to  the  rounding 
action  of  the  waves. 

Nearly  all  castings  are  formed  on  a  surface  of  sand  which  is  in* 
dined  towards  the  sea.  At  the  first  touch  of  the  water,  a  casting 
sinks  down  and  swells  out  at  the  base,  and  more  of  the  casting 
fiows  down  the  slope  than  up  it.  This  flowing  was  especially 
marked  at  one  spot  on  the  Holy  Island  Sands,  where  the  beach  was 
slightly  inclined  and  the  surface  discoloured  by  mud.  The  castings 
formed  on  it  were  composed  of  clean  sand,  and  had  evidently  been 
surrounded  by  one  or  several  waves  as  the  tide  weut  down.  We 
cannot  always  he  certain  that  the  summit  of  a  casting  was  originally 
above  its  centre,  but  in  every  one  b}'  far  the  greater  part  of  the 
spread-out  base  lay  below  the  highest  point  of  the  casting.  In  some 
oases,  the  castings  had  entirely  lost  their  vermiform  appearance,  and 
were  simply  long  low  mounds,  the  longer  axes  pointing  down  the 
slope.  In  others,  they  had  flowed  so  much  that  they  could  only  be 
distinguished  by  their  different  colour  from  the  surrounding  sand. 


V. — NOTB    ON    THE    OOOUBBBNOV    OP    AmuONITBS  JURENSIS    IK    THE 

Ironstone  of  the  Nobthampton  Sands  in  the  Nbighboubhood 
OF  Nobthampton. 

By  E.  T.  Nbwton,  F.G.S. 

CONSIDERABLE  doubt  having  been  expressed  with  regard  to 
the  occurrence  of  the  zone  of  Ammonites  Jurensis  in  the  neigh- 
bourhood of  Northampton,  much  interest  attaches  to  the  discovery, 
by  Mr.  T.  Jesson  of  Great  Houghton,  of  the  typical  Ammonite  in 
some  abundance  in  this  area.  It  is  perhaps  remarkable  that  there 
should  have  been  any  doubt  about  the  matter,  seeing  that  in  Samuel 
Sharp's  earlier  paper '  Am.  jurensis  was  recorded  among  the  fossils 
from  Duston,  and  this  should  have  stimulated  further  search  when 
the  doubt  arose  which  seems  to  have  caused  this  species  to  be 
omitted  from  the  later  paper  by  the  same  author,'  in  which  some 
pal  seen tological  errors  of  the  earlier  paper  were  said  to  be  corrected. 
This  omission  led  subsequent  writers  to  think  that  Am.  jurensis  did 
not  occur  in  the  neighbourhood,  and,  indeed,  it  does  not  appear  to 
have  been  met  with  by  other  workers  in  the  district  until  the  present 
discovery  by  Mr.  Jesson. 

In  1874  Mr.  Sharp  conducted  an  excursion  of  the  Geologists' 
Association  to  Northampton,  and  in  the  report  of  that  excursion 
Mr.  W.  H.  Hudleston  *  notices  the  section  of  the  "  ironstone  series 
of  the  'Northampton  Sand'"  at  Duston  Quarries,  but  does  not 
mention  Am.  jurensis  as  being  among  the  fossils  found. 

Mr.  Beeby  Thompson,  in  his  paper  on  the  "Upper  Lias  of 
Northamptonshire,"  *  maintains  that  the  Am.  jurensis  zone  is  repre- 
sented in  the  clayey  series  beneath  the  Northampton  Ironstone,  by 
his  '*  Upper  Leda^ovum  beds,"  although  the  characteristic  Ammonite 

»  Q  J.G.S.  Tol.  xxvi  p.  364,  1870.  '  QJ.G.S.  7ol.  xxix.  p.  296,  1873. 

*  Record  of  Excursions,  London,  IA91,  p.  462. 

*  Joam.  If  orthamptoDiiuie  Nat  Hist.  ooc.  toL  t.  p.  64,  1888. 
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bad  not  been  fonnd;  this  yiew,  bowever,  bas  been  contested  by 
Mr.  S.  S.  Buckman  in  a  later  nnmber  of  tbe  same  joamal. 

Mr.  JeasoD,  who  has  been  for  some  time  ooUecting  assiduonsly 
from  the  Ironstone  beds  in  the  neighbourhood  of  Northampton,  has 
been  kind  enough  to  send  to  the  Museum  of  Praotical  Geology,  for 
examination,  the  series  of  specimens  which  he  has  obtained,  lliese 
are  chiefly  Ammonitee,  some  being  from  Dnston,  but  the  greater 
number  are  from  Brixworth,  about  seven  miles  N.  of  Northampton. 
The  species  which  have  been  determined  are  given  in  the  list  below, 
but  by  far  the  greater  number  of  specimens  from  the  last-named 
locality  are  referable  to  the  two  species  Am.  Jurensis  and  ilm. 
opaHnua,  which  are  about  equally  numerous,  while  each  of  the 
other  species  is  represented  by  only  two  or  three  specimens.  The 
examples  which  are  referred  to  Am,  jurensh  are  very  uniform  in 
character,  allowance  being  made  for  variation  in  size ;  some  of  the 
smaller  (which  may  be  the  middle  portions  of  larger  ones)  being  an 
inch  or  so  in  diameter,  while  others  measure  as  much  as  six  or  eight 
inches,  and  there  are  fragments  of  one  specimen  which  must  have 
been  at  least  15  inches  in  diameter,  or  somewhat  larger  than  the 
example  in  the  Museum  of  Practical  Geology,  figured  half  its 
natural  size  by  Dr.  Wright,^  with  which  these  Brixworth  Ammonites 
exactly  agree. 

The  specimens  which  are  referred  to  Am,  opalinua  correspond  with 
those  figured  by  Mr.  S.  S.  Buckman.^  Am,  insignis  is  represented 
by  two  or  three  specimens  in  which  the  tubercles  near  the  inner 
margin  are  large,  and  in  one  example  (4  or  5  inches  in  diameter) 
almost  obsolete.  Another  example  has  better  defined  tubercles, 
until  the  Ammonite  is  about  5  or  6  inches  in  diameter,  but  the  outer 
whorl,  which,  if  perfect,  would  be  perhaps  10  inches  in  diameter, 
is  nearly  smooth,  having  almost  lost  both  ribs  and  tubercles.  Two 
or  three  examples  of  a  variety  of  Am,  insignis  are  included  in  this 
collection,  which  agree  with  that  figured  by  Dr.  Wright'  as  an 
abnormal  young  specimen. 

The  occurrence  of  Am,  jurensii,  tMtgnis,  opaZtntw,  and  MurchiBOiu$ 
in  the  Northampton  Ironstone  would  seem  to  indicate  that  the 
Ammonite  zones  are  not  so  sharply  defined  in  this  area  as  they  are 
considered  to  be  in  some  localities  in  the  southern  and  western 
counties;  it  is  possible  that  future  investigation  may  show  the 
ironstone  series  to  be  divisible  into  definite  horizons,  but  at  present 
we  have  no  evidence  as  to  the  particular  part  of  the  ironstone  series 
from  which  the  fossils  have  been  derived.* 

FO8SIL8  FROM  THB  IrONSTONB  OF    B&IXWOBTH. 


Ammonites  Juremit, 
„  qpalinus, 

,,  insignii, 

„  „    var. 

,,         Murekitona, 


NautUiu  sp. 
BeUmnitM  Bp. 
Trigonia  compta. 

,,  V.  Bcripia, 

Taneredia  axiniformit? 


^  Pal.  Soc.,  Lias  Ammonites,  pi.  Izxiz. 

*  Pal.  Soc.  Inferior  Oolite  Ammonites,  pi.  ziii. 

'  Pal.  Soc.  Lias  Ammonites,  pi.  Izxt.  figs  1-3. 

«  This  paper  was  read  in  Section  (C)  Geology,  Brit.  Assoc.  Caidifi  Ang.  1891. 
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VI. — On  Atstbis  lmvwscula.  Sow.,   sp.,  -with  thb  Full  Dis- 

OLOSUBB  OF   ITS   LoOP,  ETO. 
By  the  Rer.  Korman  Glass. 

DAVIDSON  thus  describes  the  external  characters  of  this  species 
in  his  Sil.  Suppl.  pp.  101,  102.  llie  description  is  praoti- 
oally  the  same  as  that  which  he  previously  gave  in  his  Sil.  Mon. 
"  Marginally  of  a  somewhat  elongated,  pentagonal  shape,  truncated, 
and  slightly  indented  in  front,  broadest  about  the  middle.  Tapering 
posteriorly.  Valves  almost  equally  convex,  with  a  slight  me<iian 
depression  near  the  front  in  the  ventral  valve.  Beak  strongly 
incurved,  and  truncated  by  a  minute  oval  foramen ;  surface  smooth, 
marked  by  a  few  concentric  lines  of  growth.  Length  6,  breadth  5 
lines,  but  the  generality  of  specimens  are  much  smaller."  Davidson 
refers  to  the  spirals  of  this  species  both  in  his  Sil.  Mon.  and  in  his 
Sil.  Suppl.  Sil.  Mon.  p.  115 :  ''I  had  noticed  the  presence  of  spirals 
in  1847,  and  recorded  the  observation  in  the  '  Bulletin  Soc.  Qeol. 
France,'  and  Lindstrom  has  also  detected  them  in  a  Gothland 
specimen."  In  pi.  x.  fig.  31  of  his  Sil.  Mon.  Davidson  represents 
the  dorsal  aspect  of  the  spirals,  with  the  bases  of  the  spirals  facing 
each  other  in  the  centre  of  the  shell.  The  spirals  of  this  species 
are  more  fully  referred  to  in  Davidson,  Sil.  Suppl.  p.  102 :  ''  The  small 
dimensions  attained  by  this  species  caused  the  Kev.  Norman  Qlass 
much  trouble  in  his  patient  endeavours  to  work  out  its  interior 
arrangements.  A  great  number  of  English  specimens  were  operated 
upon,  as  well  as  a  number  of  Swedish  ones  kindly  conti-ibuted  by 
Prof.  Lindstrom  of  Stockholm.  Mr.  Glass  has  shown  in  a  very 
plain  manner  the  accessory  lamellss,  also  the  hook-shaped  attach- 
ments to  the  hinge-plate ;  but,  on  account  of  the  smallness  of  the 
specimens,  it  was  not  possible  to  expose  the  loop  or  its  attachments 
to  the  primary  lamellss  in  the  same  manner  as  he  had  so  successfully 
achieved  in  Aihyr\»  piano- sulcata.  We  are  both  convinced  that 
Sowerby's  species  is  an  Athyris,  In  a  specimen  one  line  and  a  half 
in  length  cleared  out  by  Mr.  Glass,  there  were  only  three  coils  in 
each  spiral.  In  another  four  lines  in  length,  four  coils ;  and  none 
of  the  largest  specimens  have  shown  more  than  six  or  seven  in  each 
spiral."  In  his  Sil.  Suppl.  pi.  iv.  figs.  25,  26,  Davidson  gives  repre- 
sentations of  the  dorsal  and  ventral  aspects  of  the  spirals — the 
ventral  aspect  including  the  hook-shaped  attachments  of  the  primary 
lamellse  to  the  hinge- plate  and  the  accessory  lamellss  of  the  loop. 

Davidson  in  the  above  quotation  credits  me  with  a  stronger  im- 
pression than  I  possessed  as  to  this  species  being  an  Athyris. 
Certainly  so  far  as  the  hook-shaped  attachments  of  the  primary 
lamellaB  to  the  hinge-plate  were  concerned,  and  the  ventral  aspect 
of  the  accessory  lamellaa,  there  was  nothing  to  distinguish  this 
species  from  Aihyris,  but  in  Athyris  the  accessory  lamellae  are  con- 
tinued over  the  posterior  border  and  about  half-way  down  the  dorsal 
side  of  the  spirals,  and  no  evidence  of  this  had  been  discovered 
when  the  Sil.  Suppl.  was  published — indeed  those  preparations  which 
I  had  sent  to  Davidson  showing  the  dorsal  aspect  of  the  spirals 
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exhibited  no  trace  of  this  extenBion  of  the  accessory  lamellas. 
Besides,  it  was  evidently  impossible  to  decide  with  any  certainty 
that  this  species  was  an  Aihyris  whilst  the  loop  and  its  attachments 
to  the  primary  lamellsB  were  undiscovered. 

Davidson  in  his  Sil.  Mon.  described  three  species  of  AthyriSf 
namely  Aihyris  obovata,  A,  compressay  and  A,  depresea — the  latter 
marked  by  a  sign  of  interrogation.  Through  his  further  study, 
however,  and  through  my  own  researches,  he  afterwards  in  his  SiL 
Suppl.  withdrew  the  whole  of  these  from  the  generic  denomination 
of  Aihyris,  Aihyris  ohovata  and  A.  eompressa  he  determined  as 
being  nothing  more  than  modifications  in  shape  of  a  single  species 
referable  to  his  new  genus  of  Glassia,  and  in  his  SiL  Suppl.  p.  155, 
he  made  the  following  statement  as  to  Aihyris  depressa: — "The 
Eev.  N.  Olass  was  able  to  develop  the  interior,  and  to  clear  away 
all  uncertainty  as  to  the  generic  position  of  the  shell,  for  it  has  the 
two  short,  curved  lamellss  of  the  genus  Rhynchonella,''  As  there- 
fore the  only  known  representative  left  of  the  genus  Aihyris  in  the 
British  Silurian  rocks,  according  to  Davidson  in  his  Sil.  Suppl.,  was 
Aihyris  laviusctdaf  and  as  I  had  many  doubts  at  to  its  real  generic 
position,  I  determined  to  avail  myself  of  every  opportunity  for 
further  investigation.  And  now,  after  the  lapse  of  nearly  ten  years, 
and  after  many  unsuccessful  efforts  to  procure  suitable  specimens, 
I  have  at  last  been  enabled  fully  and  decisively  to  reveal  the  loop  of 
this  species,  and  thereby  conclusively  to  pi*ove  that  it  cannot  possibly 
be  regarded  as  belonging  to  the  genus  Aihyris. 

I  have  to  express  my  thanks  to  G.  H.  Maw,  Esq.,  Benthall  Works, 
Jackfield,  Shrophhire,  for  his  great  kindness  in  sending  to  me  about 
one  cwt.  of  blunged  material  from  the  exposure  of  the  Tickwood 
beds,  by  the  side  of  a  small  stream  flowing  down  the  east  end  of 
Benthal  Edge,  opposite  Ironbridge.  This  material  I  found  on  further 
washing  to  consist  of  thousands  of  small  pieces  of  hard  rock, 
innumerable  fragments  of  Corals  and  Encrinites,  many  small 
specimens  of  Spirifera,  Rhynchonella,  Nucleospira,  etc.,  and  above 
all  a  goodly  number  of  the  species  for  which  I  bad  been  so  long 
in  search. 

The  following  descriptions  of  the  loop  of  Aihyris  lavivscvlay  and 
of  the  median  septum  in  the  dorsal  valve  which  has  hitherto  been 
undiscovered,  are  based  upon  a  number  of  my  preparations,  some  of 
them  very  minute,  and  others  from  four  to  five  lines  in  length. 

The  loop  of  Aihyris  laviuseula  commences  from 
the  dorsal  side  of  the  spirals  slightly  above  their 
centre,    and    consists    of   two    short   converging 

I\y\/  lamellae,  which  arise  from  the  primary  lamellsa, 

\     /  and   which   proceed   in   an  upward   and  sloping 

direction  between  the  spirals  and  right  across  to 
Ventral  aspect  of  the  their  ventral  side  before  uniting  in  a  sharp  point 
loop  of  Aihyris      beneath  the  hook-shaped  attachments  to  the  hinge- 
laviuseula,  Sow.,  sp.  plate.    Arising  from  this  uniting  point  of  the  loop 
there  is  a  bifurcation — the  two  accessory  lamellss 
thus  formed  curving  in  an  upward  and  backward  direction  to  the 
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posterior  border  of  the  spiral.  (In  the  accompaDying  sketch  the 
primary  laniel1»  and  their  hook-shaped  attachments  to  the  hin^e- 
plate  are  shown  denuded  of  the  rest  of  the  spirals.  For  similar  figs, 
of  my  preparations  of  WkitJUldia  tumida  vide  Davidson,  Silurian 
Supplement,  plate  vi.) 

The  differences  between  the  loop  of  this  species  and  that  of  Athyris 
are  thus  very  strongly  marked.  1.  Between  tlie  pimple  V-shaped 
commencement  of  the  loop  and  the  bifurcation  there  is  in  Athyris 
laviuseula  no  roof-shaped  expansion  and  single  lamella  as  in  the 
true  Athjrit,  2.  The  short,  converging  processes  which  commence 
the  loop  in  Athyris  laviuscula  at  once  proceed  in  an  upward  direc- 
tion— whereas  in  the  true  Athyris  they  proceed  first  in  a  slightly 
downward  direction  before  uniting  to  form  the  roof-shaped  expan- 
sion. 3.  The  accessory  lamellad  at  the  end  of  the  loop  in  Athyris 
laviuscula  do  not  extend  beyond  the  posterior  border  of  the  spirals, 
and  are  not  prolonged  down  a  portion  of  the  dorsal  side  of  the 
spirals  as  in  the  true  Athyris. 

I  may  mention  here  that  there  is  a  median  septum  supporting  the 
hinge-plate  in  the  dorsal  valve  of  Athyris  laviuseida  similar  to  that 
which  is  found  in  Whitfieldia  tumida.  This  median  septum  extends 
to  a  little  more  than  one-third  of  the  length  of  the  shell,  and  is  in 
some  cases  visible  when  the  shell  is  transparent.  In  addition,  how- 
ever, to  this  evidence  I  have  clearly  proved  the  existence  of  the 
median  septum  in  Athyris  laviuscula  by  rubbing  down  the  umbo  of 
the  dorsal  valve  in  a  rather  large  specimen.  In  this  specimen  the 
shell  is  destitute  of  spirals  and  filled  with  a  light  earthy  matrix  in 
which  the  darker  coloured  median  septum  is  very  apparent.  When 
describing  Meristella  [^Whitfieldia']  tumida  in  his  Sil.  Mon.  p.  110, 
Davidson  refers  to  the  median  septum  of  its  dorsal  valve  as  being 
visible  through  the  transparent  shell,  and  in  his  Sil.  Suppl.  pi.  iv. 
fig.  24,  he  represents  a  similar  appearance  in  Athyris  laviuscula, 
and  yet  he  makes  no  reference  to  the  median  septum  in  this  species, 
and  does  not  seem  to  have  been  aware  of  its  existence. 

Sowerby's  laviuscula,  according  to  Davidson,  has  had  a  remarkable 
history  so  far  as  the  generic  positions  assigned  to  it  are  concerned. 
After  variously  figuring  in  the  works  of  Sowerby,  Hall,  Bronn, 
De  Yerneuil,  D'Orbigny,  Salter,  Lindstrom  and  Davidson,  as  Tere- 
Ira  tula,  Atrypa,  BhynchoneUa,  Meristella,  Meristina,  Spirigera,  and 
Athyris,  I  think  this  species  must  now  after  full  investigation  be 
finally  placed  under  Davidson's  more  recent  genus  of  Bifida — vide 
Davidson,  Devonian  Supplement,  pp.  27,  28. 

Both  in  Bifida  lepida  and  in  Sowerby*s  laviuscula  the  simple 
V-shaped  commencement  of  the  loop  is  immediately  succeeded  by 
the  bifurcation  without  any  intervention  of  a  roof-shaped  expansion 
and  single  lamella  as  in  Athyris,  or  of  a  single  lamella  as  in  Kayseria 
and  Whitfieldia,  Davidson,  in  his  Sil.  Suppl.,  evidently  regarded  the 
spirals  and  their  connexions  as  the  principal  if  not  the  sole  ground 
for  the  determination  of  the  different  genera  of  the  8piral-l)earing 
Brachiopoda.  Thus,  where  it  was  found  on  investigation  that  the 
spirals  and  loop  in  several  different  genera  were  in  all  important 
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respects  the  same,  be  was  evidently  inclined  to  class  the  whole  of 
these  genera  under  one  generic  denomination,  despite  their  marked 
and  manifold  external  differences.  In  his  Sil.  Suppl.  p.  95,  he  says : 
''  It  will  remain  a  qaestion  for  further  consideration  whether  we  are 
justified  in  retaining  the  three  generic  denominations  of  Nucleaspira^ 
Retzia,  and  Merintina,  for  shells  possessing  the  same  simple  loop." 
It  is  therefore  in  agreement  with  the  principles  of  classification 
adopted  by  Davidson  that  I  now  place  the  species  which  Sowerby 
named  laviu$cula  under  the  genus  Bifida,  of  which  Bifida  lepida  is 
the  type. 

P.S. — Davidson's  Sil.  Suppl.  was  issued  in  two  portions  in  the 
Annual  volumes  of  the  PalsBontographical  Society  for  1882  and  1883. 
After  writing  the  above  article  I  have  found  in  the  Index  accom- 
panying the  latter  portion  of  the  Suppl.  that  Davidson  .ultimately  had 
the  same  doubts  as  myself  as  to  the  true  generic  position  of  /<m«s- 
cula.  In  the  Index  referred  to — Sil.  Suppl.  p.  233— Davidson  puts 
a  note  of  interrogation  to  the  generic  name  of  Athyris  as  applied  to 
laviuseula,  and  he  adds  concerning  Athyris^ — "  It  is  not  certain 
whether  we  possess  any  true  British  Silurian  species  of  the  genus." 


ONTOTIOES      OB^      ^dlEIMIOII^S- 


Abstbagts  of  Papers  bead  bkforb  Section  C.  at  British  Asbo- 
oiATioN  Mbetiko,  Cabdiff,  August,  1891. 

I. — Discovert  of  the  Olenellus-zone  in  the  Nohth-west  High- 
lands. By  Sir  AitttHiBALD  Geikib,  F.B.S.,  Director-Greneral  of 
the  Geological  Survey. 

EYEB  since  the  Geological  Survey  began  the  detailed  investigation 
of  the  structure  of  the  North-west  Highlands  of  Scotland  the 
attention  of  its  officers  has  been  continuously  given  to  the  detectioa 
of  any  fossil  evidence  that  would  more  clearly  fix  the  geological 
horizons  of  the  various  sedimentary  formations  which  overlie  the 
Lewisian  gneiss.  A  large  collection  of  organic  remains  has  been 
made  from  the  Dumees  Limestone,  but  it  has  not  yet  yielded  mate- 
rials for  a  satisfactory  stratigraphical  correlation.  The  study  of  this 
collection,  however,  has  confirmed  and  extended  Salter's  original 
sagacious  inference  that  the  fauna  of  the  Durness  Limestone  shows 
a  marked  North  American  facies,  though,  according  to  our  present 
terminology,  we  place  this  fauna  in  the  Cambrian  rather  than  in  the 
Silurian  system.  Below  the  Durness  Limestpne  lies  the  dolomitio 
and  calcareous  shaly  group  known  as  the  '  Fucoid  beds,'  which, 
though  crowded  with  worm -castings,  has  hitherto  proved  singularly 
devoid  of  other  recognizable  organic  remains.  In  following  this 
group  southwards  through  the  Dundonnell  Forest,  in  the  west  of 
Boss-shire,  my  colleague,  Mr.  John  Home,  found  that,  a  few  feet 
below  wherid  its  upper  limit  is  marked  by  the  persistent  band  of 
'  Serpulite  grit,'  it  iucludes  a  zone  of  blue  or  almost  black  shales. 
During  a  recent  visit  to  him  on  his  ground,  when  he  pointed  out  to 
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me  this  remarkable  zone,  I  was  Btmok  with  the  singularly  unaltered 
character  of  these  shales,  and  agreed  with  him  that,  if  fossils  were  to 
be  looked  for  anywhere  among  those  ancient  rooks,  they  should  be 
found  here,  and  that  the  fossil  collector,  Mr.  Arthur  Macconochie, 
should  be  directed  to  search  the  locality  with  great  care.  The 
following  week  this  exhaustive  search  was  undertaken,  and  Mr. 
Macconochie  was  soon  rewarded  by  the  discovery  of  a  number  of 
fragmentary  fossils,  among  which  Mr.  B.  N.  Peach,  who  was  also 
stationed  in  the  district,  recognized  what  appeared  to  him  to  be  un- 
doubtedly portions  of  Olenellus,  The  importance  of  this  discovery 
being  obvious,  the  search  was  prosecuted  vigorously,  until  the  fossil- 
iferous  band  could  not  be  followed  further  without  quarrying  opera- 
tions, which  in  that  remote  and  sparsely  inhabited  region  could  not 
be  at  that  time  undertaken.  The  specimens  were  at  once  forwarded 
to  me,  and  were  placed  in  the  hands  of  Messrs.  Sharman  and  Newton, 
Paladontologists  of  the  Geological  Survey,  who  confirmed  the  refer- 
ence to  Olenellus,  More  recently  Mr.  Peach  and  Mr.  Home,  in  a 
renewed  examination  of  the  ground,  have  found,  in  another  thin 
seam  of  black  shale  interleaved  in  the  '  Serpulite  grit,'  additional 
pieces  of  Olenellus,  including  a  fine  head-shield  with  eyes  complete. 
There  may  be  more  than  one  species  of  this  Trilobite  in  these  Boss- 
shire  shales.  The  specific  determinations  and  descriptions  will 
shortly  be  given  by  Mr.  Peach. 

The  detection  of  Olenellus  among  the  rocks  of  the  North-west 
Highlands,  and  its  association  with  the  abundant  Salterella  of  the 
'  Serpulite  grit,'  afford  valuable  materials  for  comparison  with  the 
oldest  PalaBozoic  rocks  of  other  regio*ns,  particularly  of  North 
America.  The  *  Fucoid  beds '  and  '  Serpulite  grit '  which  intervene 
between  the  quartzite  below  and  the  Durness  Limestone  above  are 
now  demonstrated  to  belong  to  the  lowest  part  of  the  Cambrian 
system.  The  quartzites  are  shown  to  form  the  arenaceous  base  of 
that  system,  while  the  Durness  Limestones  may  be  Middle  or  Upper 
Cambrian.  On  the  other  hand,  the  Torridon  Sandstone,  which 
Murchison  placed  in  the  Cambrian  series,  can  now  be  proved  to  be 
of  still  higher  antiquity.  The  marked  anconformabiiity  which 
intervenes  between  it  and  the  overlying  quartzite  points  to  a  long 
interval  having  elapsed  between  the  deposition  of  the  two  discordant 
formations.  The  Torridon  Sandstone  must  therefore  be  pre-Cam- 
brian.  Among  the  8,000  or  10,000  feet  of  strata  in  this  group  of 
sandstones  and  conglomerates,  there  occur,  especially  towards  the 
base  and  the  top,  bands  of  grey  and  dark  shales,  so  little  altered 
that  they  may  be  confidently  expected  somewhere  to  yield  recogniz- 
able fossils.  Already  my  colleagues  have  detected  traces  of  annelids 
and  some  more  obscure  remains  of  other  organisms  in  these  strata. 
These,  the  oldest  relics  of  life  yet  known,  have  excited  a  vivid  desire 
in  the  Greologioal  Survey  to  discover  further  and  more  determinable 
fossils  associated  with  them  in  the  same  primeval  resting-place.  We 
shall  spare  no  pains  to  bring  to  light  all  that  can  be  recovered  in 
the  North-west  Highlands  of  a  pre-Cambrian  fauna. 
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II. — A  OOMPABIBON  BBTWEBN  THE  BoOKS  OF  SoUTH  PeMBBOKBSHIBE 
AND   THOSE   OF   NOBTH   DeVOM.      Bj  HENBr  HiGKS,  M.D.,  F.B.S., 

Seo.  Geol.  Soo. 

THE  clear  Buccession  from  the  Silurian  rocks  to  the  Oarboniferbos 
to  be  observed  in  many  sections  in  South  Pembrokeshire  offers, 
in  the  author's  opiuion,  the  key  to  the  true  interpretation  of  the 
succession  in  the  rocks  of  North  Devon,  for  there  cannot  be  a  doubt 
that  the  post-Carboniferous  earth-movements  which  so  powerfully 
affected  and  folded  the  beds  in  North  Devon  extended  into  and  pro* 
duced  almost  identical  results  in  South  Pembrokeshire.  In  the  latter 
area,  however,  the  succession  remains  clearer,  and  can  be  traced  more 
continuously. 

The  base  of  the  Silurian  (Upper  Silurian  Survey)  is  exposed  at 
many  points,  and  the  lower  beds  repose  transgressively  on  the 
Ordovician,  and  even  on  some  pre-Cambrian  rocks.  Near  Johnston 
and  Stoney  Slade  the  conglomerate  contains  numerous  pebbles  of 
the  Johnston  and  Great  Hill  granite  as  well  as  of  other  igneous 
masses  which  were  formerly  supposed  to  have  been  intrusive  in 
these  beds.  From  the  Silurian  to  the  Carboniferous  beds  there  does 
not  appear  to  be  any  marked  break  in  the  series ;  moreover,  all  these 
beds  were  folded  together  and  suffered  equally  by  the  movements 
which  affected  the  area.  The  axes  of  the  folds  strike  from  about 
W.N.W.  to  E.S.E.  The  movements,  therefore,  at  this  time  were  in 
a  nearly  opposite  direction  to  those  which  affected  the  Ordovician 
and  Cambrian  rocks  at  the  close  of  the  Ordovician  period.  Within 
the  broken  anticlinal  folds  portions  of  the  old  land  surfaces  have 
been  exposed  in  several  places  by  denudation. 

The  succession  exposed  in  this  area  and  the  effects  produced  by  the 
earth-movements  so  nearly  resemble  those  already  described  by  the 
author  as  occurring  in  North  Devon,  that  he  is  convinced  that  the 
beds  must  have  been  deposited  contemporaneously  in  one  continuous 
subsiding  area,  and  that  the  differences  recognizable  are  chiefly  in 
the  basal  beds,  which  were  deposited  on  an  uneven  land  surface. 

III. — On  the  Evidences  of  Glaoial  Action  in  Pembbokbsbibe, 
AND  THE  Dibbotion  OF  loE-FLow.  By  Henby  Hioks,  M.D., 
r.R.S.,  Sec.  Geol.  Soc. 

THE  occurrence  of  ice-scratched  rocks  and  of  northern  erratics  in 
North-west  Pembrokeshire  has  already  been  mentioned  by  the 
author,  but  in  this  paper  he  brings  forward  additional  evidence  to 
show  that,  during  the  Glaoial  period,  a  great  thickness  of  land-ioe 
must  have  passed  over  Pembrokeshire. 

The  glacial  strisd,  which  are  so  well  preserved  under  the  drift 
along  the  north-west  coast,  especially  at  Whitesand  Bay,  show  that 
the  ice  travelled  over  that  area  mainly  from  a  north-western  direction. 
The  presence  of  erratics  from  North  Wales  and  from  Ireland  would 
tend  to  the  conclusion  that  glaciers  from  these  areas  coalesced  in 
St.  George's  Channel,  and  that  the  ice  which  overspread  Pembroke- 
shire was  derived  from  both  these  sources,  as  well,  probably,  as 
from  a  flow  extending  down  the  channel  from  more  northern  areas. 
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Although  there  are  in  the  district  many  northern  erratics,  notably 
a  large  boulder  of  granite  and  another  of  picrite,  which  the  author 
found  on  Porthlisky  farm,  two  miles  south-west  of  St  David's,  yet 
by  far  the  majority  are  of  local  origin,  and  can  be  traced  back  to 
the  parent  rocks.  The  great  igneous  masses  which  now  form  such 
oonspicuous  hills  along  the  north  coast  yielded  most  of  the  boulders, 
many  of  very  large  size,  which  are  so  freely  spread  over  the 
undulating  land  reaching  to  the  coast  of  St.  Bride's  Bay.  There  are 
clear  evidences  to  show  that  this  bay  was  itself  overspread  by  a 
great  thickness  of  drift  from  these  hills.  The  intervening  pre* 
glacial  valleys  were  also  filled  by  this  drift,  and  the  plains  and 
rising  grounds  up  to  heights  of  between  800  and  400  feet  still 
retain  evidences  of  its  former  presence,  and  many  perched  blocks. 
Excellent  sections  of  unstratified  drift,  containing  large  ice-scratched 
boulders,  are  exposed  in  Whitesand  Bay,  and  a  thickness  of  several 
feet  of  an  irregularly  stratified  sand  was,  some  time  since,  exposed 
under  the  Boulder-clay  on  the  east  side  of  the  bay.  Chalk  flints 
have  been  found  at  heights  of  over  800  feet,  having  probably  been 
brought  from  Ireland.  The  picrite  boulder  already  referred  to  has 
been  shown  by  Prof.  Bonney  to  resemble  masses  of  that  rock 
exposed  in  Carnarvonshire  and  Anglesea,  and  the  granite  boulder, 
which  before  it  was  broken  must  have  been  over  7  feet  in  length 
and  3  to  4  feet  in  thickness,  is  identical  with  a  porphyritic  granite 
exposed  in  Anglesea,  but  not  found  anywhere  in  Pembrokeshire. 
The  evidences,  therefore,  which  go  to  prove  that  Pembrokeshire 
was  buried  under  an  ice-sheet  that  must  have  spread  southwards 
into  the  Bristol  Channel,  are,  the  presence  of  many  northern 
erratics,  both  as  perched  blocks  and  in  drifts  at  heights  above 
800  feet,  ice-scratched,  smoothed  and  polished  rock  surfaces,  and,  in 
places,  much  crushing  and  bending  of  some  of  the  strata;  also  great 
dispersions  of  boulders  from  igneous  rocks  on  the  north  coast  in 
a  south-west  dipection,  and  some  well-marked  examples  of  'crag 
and  tail.' 

ly. — NoTBs  UPON  CoLOBODUs,  ▲  Genus  OF  Mesozoio  Fossil  Fishes. 
By  Montagu  Bbowne,  F.Z.S.,  F.G.S. 

COLOBODTTS  appears  to  have  been  first  constituted  a  genus  in 
the  year  1837  by  Louis  Agassiz  (see  'Poissons  Fossiles,' 
Tome  II.,  ii®  partie,  p.  237),  who  gave  this  name  to  some  Lepidotus^ 
like  teeth  (Colobodus  hogardi)  from  the  Muschelkalk,  which  he 
described  thus :  — "  Par  leur  taille  ellee  tiennent  le  milieu  entre  les 
Microdon  et  les  Sphsdrodus.  De  formes  arrondies  et  cylindracees 
▼era  la  base,  les  dents  ont  leur  oonronne  renflee  en  forme  de  maesue, 
et  Bur  le  milieu  de  la  couronne  s'el^ve  encore  un  petit  mammelon 
tronque,  ce  qui  a  valu  k  ce  genre  son  nom  de  ColoboduaJ' 

Since  that  time  teeth  of  a  similar  generic  character  have  been 
described  or  figured  by  various  authors,  e.g..  Count  Munster 
(assuming  Asierodon  to  be  identical),  Plieninger,  Oiebel,  Gervais, 
Meyer,  Chop,  E.  E.  Schmid,  Alberti,  Eck,  Winkler,  Gdrich.  W. 
Dames,  and  A.  S.  Woodward.    The  typical  teeth,  however — i.e.  those 
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apon  which  the  'nipple,*  or  apical  tnbercle,  is  present— mast  be 
sought  amongst  the  various  species  of  Colobodus  and  Lepidotus  (of 
Plieninger,  1847) ;  whilst  intermediate  forms,  or  those  from  which 
the  *  nipple '  has  been  partly  or  entirely  removed  by  wearing  or  by 
post-mortem  abrasion,  mast  be  sought  amongst  those  described  under 
the  various  species  of  LepidotftSt  Sphcsrodust  (hfrodns,  *  TeiragonoUpis  * 
(of  Winkler,  and  of  Agassiz  in  part),  Thohdus  and  Thelodus,  EupleU' 
rodus,  Sargodon  (not  cutting  teeth),  and  even  amongst  teeth  variously 
attributed  to  Sauriehthys  and  to  '  Saurians,'  whilst  the  chisel-shaped, 
or  pre-maxillary,  teeth  are  probably  those  attributed  to  Sargodon 
tomicus. 

Fragments  of  the  head  and  trunk  and  scales  of  Golohodtu  have 
been  described  or  figured  by  H.  B.  Qeinitz,  Meyer  and  Plieninger, 
Giebel,  Meyer,  Quenstedt,  Eck,  Kner,  H.  Kunisch,  W.  Dames,  J. 
von  Rohon,  and  A.  S.  Woodward,  and  must  be  sought  amongst  the 
various  species  ascribed  to  Oyrotepis  and  Amblypterus,  Lepidotus, 
Heterolepidotus,  Eugnathus,  Pleurolepis,  Daetylolepis,  and  also  amongst 
various  Ganoid  scales  ('  Ganoidschuppen  '  and  '  Fischschuppen  *). 

Up  to  the  present  neither  the  teeth  nor  the  scales  of  Colobodus 
have  been  recognized  as  such  in  Britain  by  any  authors,  or,  above 
the  Muschelkalk  and  Lettenkohle,  abroad  :  its  occurrence  and  recog- 
nition, therefore,  in  the  Rheatic  of  Britain  is  interesting,  and  the 
author  exhibits  typical  and  transitional  teeth  which  be  found  and 
recognized  in  the  Rhaetic  'bone-beds'  of  Wachet  and  Aust  Cliff; 
worn  and  abraded  teeth  (<  Sargodon  iomieus '  and  '  Sphcsrodns ')  from 
thence  and  from  Leicestershire ;  and  what  are  probably  the  larger 
cutting  teeth  from  Aust  and  Leicestershire ;  also  fine  character istio 
scales  and  (?  head-) bones  showing  vermiculated  sculpture  from 
Aust.  All  may,  for  the  present,  be  referred  to  Colobodus  maximus 
(Quenstedt). 

Finally,  should  Colobodus  prove  to  be  identical  with  Lepidotus,  a 
fusion  of  Heterolepidotus  and  Eugnathus  will  give  Colobodus  a  more 
extended  upward  range  than  has  hitherto  been  supposed. 


y. — The  Ammonite  Zones  of  Dorset  and  Somebsbt.    By  S.  S. 
BuosMAN,  F.G.S.,  Hon.  Memb.  Torks  PhiL  Soa 

THE  lower  part  of  the  Murehisona-zone  is  often  intimately  con- 
nected with  the  upper  part  of  the  Opalinum-zone ;  but,  a  little 
higher,  there  is  an  horizon  characterized  by  numerous  specimens  of 
Lftdwigia  Murchisona.  The  fauna  of  this  horizon  corresponds  to  the 
Murchisona-zone  of  Oppel,  and  to  the  Brauner  Jura  fi  of  Quenstedt. 
Above  the  Murchisona-zone  a  considerable  break  in  the  sequence  of 
strata  is  frequently  met  with.  In  the  neighbourhood  of  Bradford 
Abbas,  however,  is  found,  superior  to  the  Murekisono'Zone,  an 
horizon  marked  by  a  very  peculiar  fauna,  in  which  Liocerias  eoneavum 
and  species  of  the  genus  Sonninia  predominate.  I'akenjin  a  general 
sense  the  fauna  of  this  zone  {Concavum-zone)  does  noA  agree  with 
that  of  Quenstedt's  Brauner  Jura  fi  or  7,  nor  with/  that  of  the 
Sowerbyi'Zone,  as  illustrated  by  Waagen,  Douville,   4to.    Farther, 
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the  Sanninia  of  the  Concnvum-zone  are,  biologically,  of  an  earlier 
type  than  those  of  the  Sotoerbyi^zone. 

Continental  authors  find  a  marked  stratigraphical  and  palsBonto- 
logical  break  between  the  Murehisona-  and  Sot0er6yt  -  zones ;  and 
they  wish  to  draw,  at  this  point,  a  dividing  line  between  Lias  and 
Oolite,  or  between  Toarcian  and  Bajocian.  It  is  suggested  tliat  the 
absence  of  the  Concavum-zone  is  the  cause  of  this  break ;  and,  in 
former  papers  to  the  Geological  Society,  the  author,  in  supporting 
the  Continental  plan,  regarded  the  Concawm-zone  as  Toarcian. 

In  the  Bradford  Abbas  district  there  is  a  break  above  the 
Concavum-zoue,  So  far  as  is  known  at  present,  Dundry  is  the  only 
locality  showing  a  complete  sequence  ;  but  some  years  ago  a 
quarry — Coombe,  near  Sherborne — was  open,  and  it  yielded  a  large 
series  of  Ammonites  indicating  a  fauna  agreeing  with  the  Sowerhyi' 
zone  as  illustrated  by  Continental  authors.  This  quarry  has  been 
closed  for  years;  and  nothing  is  known  as  to  how  the  strata  are 
situated  with  regard  to  the  Coneavutn-zone  below,  or  with  superior 
horizons.  It  is  richer  than  Dundry,  and  is,  practically  speaking, 
unique  among  Inferior-Oolite  exposures.  It  is  the  only  locality  in 
England  which  yields  this  particular  fauna.  So  far  as  is  known, 
the  true  Sowerbyi-zone  is  absent  from  all  quarries  in  Dorset  and 
Somerset,  with  the  exception  of  Coombe  and  Dundry :  and,  therefore, 
the  majority  of  exposures  in  the  district  fully  support  the  Continental 
geologists  in  their  contention  as  regards  a  dividing  line. 

Waagen  places  a  zone  of  Am.  Sauzei  above  the  Soio€r6^'-zone ; 
and  an  horizon  with  this  species  and  with  a  particular  fauna  is  shown 
in  *  the  marl  with  green  grains '  at  Frogden  quarry,  near  Sherborne. 

Above  this  is  the  zone  of  Am.  Humphriesianus,  in  which  the  fauna 
SUphanoceras  and  Spharoceras  predominate.  This  is  the  equivalent 
of  the  Coronaten'Schickten  of  Quenstedt's  Brauner  Jura  B.  The  upper 
part  of  the  Brauner  Jura  S  is  the  Bifurcaten-schichten ;  and  this 
corresponds  with  the  Cadomensis-hedB  of  Frogden— an  horizon  which, 
containing  a  fauna  distinct  from  the  Humphriesianus-zone,  may 
therefore  be  known  as  the  CadomenstB-zone, 

The  strata  above  this  horizon  have  usually  been  called  the '  Parkiu' 
«ont-zone.'  There  are  several  objections  to  this  name ;  and  the  strata 
are  capable  of  more  subdivision. 

The  bed  at  Halfway  House  which  yields  the  large  Parkinsonia  is 
superior  to  the  Cadomensis -zone.  It  may  be  called  the  2Vne//ti-zone. 
At  the  top  of  the  limestone  of  the  Broad- Windsor  district  Stephan, 
zigzag  and  species  of  Morphoceras  are  found ;  and  this  is  a  still 
higher  horizon  {Zigzag-zone).  Just  below  the  Fullers'  Earth  of 
this  same  district,  in  the  Fullers'  Earth  itself  of  Eype,  but  in  the 
upper  white  limestones  (about  25  feet  thick)  of  the  Bradford -Abbas 
district,  are  found  Oppelia  fusca  and  other  species  indicating  a  still 
higher  horizon.  It  is  suggested  that  the  white  limestone  of  the 
I  Bradford -Abbas  district  is  contemporaneous  with  the  so-called 
'Fullers'  Earth  clay'  of  Eype.  This  horizon  may  be  called  the  zone 
of  Oppelia  fmca ;  and  whether  this  zone  belongs  to  the  Inferior 
Oolite  or  to  the  Fullers*  Earth  depends  on  whether  the  observer  be 
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regarding  tbe  limestones  of  the  Bradford-Abbas  district  or  the  olay 
of  Eype  cliflF. 

Several  Continental  geologists,  however,  commence  the  Bathonian 
with  the  GadomeuBis-zone,  To  this  idea  the  presence  of  ParlcinBonia 
and  other  facts  gives  considerable  support. 


VI. — Ok  th«  Contikuitt  of  the  Eellawats  Beds  ovbb  extended 

AREAS  NEAB  BEDFORD,  AND  ON  THE  EXTENSION  OF  THE  FULLERS' 

Earth  Works  at  Woburn.    By  A«  C.  Cameron.     [Communicated 
by  permission  of  the  Director-General  of  the  Oeological  Survey.] 

IN  this  paper  further  evidence  is  submitted  from  different  parts 
of  the  country  of  the  continuity  over  extended  areas  of  the 
Kellaways  Rock  above  the  Lower  Oxford  Clay.  Several  fine  ex- 
cavations, the  result  of  railway  enterprise,  have  afforded  sections 
of  these  beds  in  places  where  their  presence  was  only  inferred  before. 
More  than  the  usual  thickness  is  indicated  by  records  recently  obtained 
from  deep  sinkings  and  borings  in  the  Midland  districts,  especially 
the  Bletchley  boring  of  1886-7. 

The  extraordinary  concretionary  stones  noticed  in  Wiltshire  by 
Smith  as  characterizing  this  formation,  and  quarried  away  years  ago 
at  Kellaways  for  road-stone,  jut  out  in  the  Valley  of  the  Chum,  near 
Cirencester,  and  stand  about  in  clusters  in  the  Yalley  of  the  Ouse  at 
Bedford  like  gigantic  fungi.  The  plane  of  separation  of  the  Upper 
Oxford  and  the  Kellaways  in  Bedfordshire  is  formed  by  a  shelly  cal- 
careous band  in  contact  with  a  shelly  cap  to  the  concretionary  stones. 
Where  this  plane  is  a  broken  one  there  is  no  development  of  con- 
creted rock,  and  the  lowest  sediment  of  Upper  Oxford  clay  is  loamy, 
passing  down  into  Kellaways  sand.  Above  the  calcareous  band 
there  is  sometimes  an  indurated  seam  of  sandy  marl,  breaking  into 
conical  forms;  the  product,  apparently,  of  stalactitic  infiltration* 
Pits  are  opened  at  the  outcrop  of  the  Kellaways  (a  persistent  stratum 
in  the  Ouse  Valley)  and  are  carried  down  through  the  Lower  Oxford 
(selenite  clay),  Cornbrash  and  Combrash  clay  to  Great  Oolite  lime- 
stone, which  is  quarried  for  lime-burning;  the  'lam  earth,'  the 
loamy  portion  of  the  Kellaways,  being  mixed  in  the  mill  with  the 
Lower  Oxford,  which  is  dug  for  brickmaking.  Excellent  sections, 
showing  the  above  series,  are  to  be  seen. 

Observations  on  the  extensions  of  the  Fullers'  Earth  Works  at 
Woburn  Sands,  with  some  description  of  the  beds,  are  given,  and 
the  mining  industry  now  springing  up  is  commented  on. 


VII. — ^The  Mastodon   and   Mammoth   in  Qntario,  Canada.     By 
Prof.  J.  HoYBs  Panton,  M.A.,  F.G.S. 

THE  writer  in  this  paper  gives  a  complete  description  of  the 
remains  of  a  Mastodon  discovered  (1890)  in  a  marl  bed  near 
Highgate  in  the  Province  of  Ontario,  Canada,  and  also  the  remains 
of  a  Mammoth  found  under  similar  conditions  near  Shelburne  in  the 
same  Province  (1889). 


Digitized  by  VjOOQIC 


MuBtodon.^ 

Mastodon* 

64f 

664 

39 

40 

29 

84 

39 

...        47* 

28 

29 

104 

92  not  complete. 

23J 

...         23} 

Notices  of  Memoirs — Jukes-Browne — MonocUnal  Flexures.     605 

Both  specimens  were  discovered  by  John  Jelly,  Esq.,  of  Shelbarne. 
The  following  measurements  are  given  for  comparison : — 

Newbarg  High^ate 

Jumbo. 

Longest  rib    44  inches 

Humerus        36    „ 

Kadius     ~     „ 

Femur     42     „ 

Tibia       —    „ 

Tusk        —    „ 

Third  spinous  process  ...  16  ,, 
The  bones  obtained  of  the  Mammoth  are  not  so  numerous,  the 
chief  being  thirty-one  ribs,  one  50  inches  in  length  and  11  in  cir- 
cumference ;  several  vertebras,  some  14^^  inches  across ;  a  massive 
tusk  12f  feet  with  a  portion  broken  o£f;  and  a  tooth  weighing 
16f  lbs.  The  writer  also  refers  to  remains  of  Proboscoidea  found  at 
other  points  in  Ontario,  viz.  St.  Catherine's  Dunville,  Goat  Island, 
Niagara  Falls,  and  Eimbal,  near  the  western  side  of  the  Province. 

Tin. — Thb   Cause  of  Monoolinal  Flbxubb.    By  A.  J.  Jukbs- 
Brownb,  F.G.S. 

FLDS  of  the  ordinary  arch  and  trough  type  are  generally  ascribed 
to  the  influence  of  lateral  pressure ;  but  it  is  not  easy  to  see 
how  a  monoclinal  flexure  which  appears  in  section  as  a  flexure 
connecting  two  hoiizontal  bars  of  strata  can  have  been  produced  by 
direct  lateral  pressure  exerted  at  the  ends  of  the  bars. 

The  author  suggests  that  monoclinal  flexuring  is  a  structure 
impressed  upon  a  horizontal  series  of  uncompressed  strata  by  the 
displacement  of  a  subjacent  mass  of  faulted  and  flexured  rocks,  the 
lateral  compression  of  the  deep-seated  mass  resulting  in  the  vertical 
uplift  of  certain  portions  of  the  'cover.'  If  a  series  of  stratified 
rocks  rests  in  a  horizontal  position  on  a  mass  of  ancient  rock,  which 
has  been  compressed,  indurated,  flexured,  and  faulted  before  the 
deposition  of  the  upper  series,  it  is  supposed  that  the  lower  series  of 
rocks  would  give  way  under  lateral  pressure  along  the  pre-existing 
faults,  and  that  the  blocks  which  lie  between,  upward  diverging 
faults  would  be  forced  to  move  upwards,  carrying  with  them  those 
tracts  of  the  *  cover '  which  rest  on  them.  It  is  evident  that  these 
tracts  would  be  divided  from  those  resting  on  blocks  defined  by 
downward  diverging  faults  by  faults  or  monoclinal  flexures,  the 
production  of  a  fracture  or  a  flexure  depending  partly  on  the  thick- 
ness and  pliability  of  the  strata  forming  the  cover,  and  partly  on 
the  amount  of  local  uplift.  It  is  conceivable  that  the  displacement 
might  take  place  partly  by  faulting  and  partly  by  flexuring,  and 
that  what  was  a  fault  near  the  plane  of  unconformity  might  pass 
upward  into  a  flexure. 

The  writer  desires  criticism  on  the  above  suggestion,  especially 
from  those  who  will  have  a  chance  of  seeing  the  grand  monoclinal 
flexures  of  the  Colorado  region  during  the  excursion  of  the  approach- 
ing International  Geological  Congress. 

^  The  Newburg  Mastodon  is  one  of  the  finest  e?er  discovered  in  America.  The 
bones  are  in  a  most  ezoelleut  state  of  preservation,  and  sufiicient  have  been  obtained 
to  enable  the  skeleton  to  be  set  up. 
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IX. — ^Ths  Obioin  of  Pbtboleum.     By  0.  C.  D.  Ross. 

IN  the  course  of  introdactory  remarks  the  author  contends  that, 
owing  to  the  mystery  surrounding  the  origin  of  petrolenm, 
and  to  the  paacity  of  indications  where  to  seek  for  it,  practical  men 
in  this  country  distrust  the  permanence  of  the  supply,  and  hesitate 
to  adopt  it  for  many  useful  purposes ;  while  the  ohject  of  this  paper 
is  to  suggest  a  way  of  resolving  the  mystery  whidb  is  calculated  to 
dissipate  that  distrust  llie  theories  suggested  by  Reicht-nbach, 
Berthelot,  Mendelejeff,  Yirlet,  Vemeuil,  Peckham,  and  others,  which 
are  briefly  described,  make  no  attempt  to  account  for  the  exceeding 
variety  in  its  chemical  composition,  in  its  specific  gravity,  its  boiling- 
points,  etc.,  and  are  all  founded  on  some  hypothetical  process  which 
differs  from  any  with  which  we  are  acquainted ;  but  modern  geo- 
logists are  agreed  that  (as  a  rule)  the  records  of  the  earth's  history 
should  be  read  in  accordance  with  those  laws  of  >)at.ure  which  con- 
tinue in  force  at  the  present  day.  E.g.^  the  decomposition  of  fish 
would  not  now  produce  paraffin  oil ;  hence  we  can  hardly  believe  it 
possible  thousands,  or  millions,  of  years  ago,  so  long  as  it  can  be 
shown  that  any  of  the  ordinary  processes  of  Nature  are  calculated 
to  produce  it.  The  chief  characteristics  of  petroleum  strata  are 
enumerated  as :  ].  The  existence  of  adjoining  beds  of  limestone, 
gypsum,  etc. ;  11.  Volcanic  action  in  close  proximity ;  III.  The 
presence  of  salt  water  in  the  wells;  lY.  The  great  extent  of  the 
production  of  oil,  indicating  subterranean  receptacles  of  vast 
dimensions. 

I.  The  close  and  invariable  proximity  of  limestone  to  the  wells 
has  been  noticed  by  all  writers,  but  they  have  been  most  impressed 
by  its  being  '  fossiliferous,'  or  shell  limestone,  and  have  drawn  the 
erroneous  inference  that  the  animal  matter  once  contained  in  those 
shells  originated  petroleum,  but  no  fish  oil  ever  contained  paraffin. 
On  the  other  hand,  the  fossil  shells  are  carbonate  of  lime,  and,  as 
such,  capable  of  producing  petroleum  under  circumstances  such  as 
many  limestone  beds  have  been  subjected  to.  All  limestone  rocks 
were  formed  under  water,  and  are  mainly  composed  of  calcareons 
shells,  corals,  encrinites,  and  foraminifera,  the  latter  similar  to  the 
foraminifera  of  '  Atlantic  ooze '  and  of  English  chalk  beds.  Every- 
where, under  the  microscope,  its  organic  origin  is  conspicuous. 
Limestone  is  the  most  widely  diffused  of  all  rocks,  and  contains 
12  per  cent,  of  carbon.  Petroleum  consists  largely  of  carbon,  and 
there  is  a  far  larger  accumulation  of  carbon  in  the  limestone  rocks 
of  the  United  Kingdom  than  in  all  the  Coal-measures  the  world 
contains.  A  range  of  limestone  rock  100  miles  in  length,  by  10 
miles  in  width,  and  1000  yards  in  depth,  would  contain  743,000 
million  tons  of  carbon,  or  sufficient  to  provide  carbon  for  875,000 
million  tons  of  petroleum.  Deposits  of  bituminous  shale  have  also 
limestone  close  at  hand ;  e,g.  coral-rag  underlies  the  Eimraeridge 
clay,  which  is  more  or  less  saturated  throughout  with  petroleum, 
and  it  also  underlies  the  famous  Black-shale  of  Kentucky,  which  is 
exti*aordinarily  rich  in  oil. 

II.  The  evidence  of  volcanic  action  in  close  proximity  to  petroleum 
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strata  is  next  dealt  with,  and  extracts  in  proof  thereof  are  given 
from  seyeral  writers.  In  illustration  of  Yoloanic  action  on  carbonate 
of  lime,  a  sulphur  mine  in  Spain,  within  a  short  distance  of  an 
extinct  volcano  (with  which  the  author  is  well  acquainted),  is 
mentioned.  That  petroleum  is  not  far  off  is  indicated  by  a  perpetual 
gas  flame  in  a  neighbouring  chapel  and  other  symptoms ;  and,  these 
circumstances  having  attracted  his  attention,  he  observed  that  Dr. 
Ghristoph  Bishop  records  in  his  writings  that  he  had  produced 
sulphur  in  his  own  laboratory  by  passing  hot  volcanic  gases  through 
chalk,  which  fact  further  led  the  author  to  remark  that,  in  addition 
to  sulphur,  ethylene,  and  all  its  homologues  (CqELiq),  which  are  the 
oils  predominating  at  Baku,  would  be  produced  by  treating — 

2,  3,  4,    5 eqdiT.  of  limestone  (carbonate  of  lime]  with 

2,  3,  4,    6 equiv.  of  sulphurous  acid  (SO')  and 

4,  6,  8,  10 equiy.  of  sulphuretted  hydrogen  (H^S) ; 

and  that  marsh  gas  and  its  homologues,  which  are  the  oils  pre- 
dominating in  Pennsylvania,  would  be  produced  by  treating — 

1,  2,  3,  4,    6 equiy.  of  carbonate  of  lime,  with 

1,  2,  3,  4,    6 equiy.  of  sulphurous  acid,  and 

3,  6,  7,  9,  11 equiy.  of  sulphuretted  hydrogen. 

Thus,  we  find  that 

Carbonate  of  lime  2Ca'C0»  )  (  2(Ca»S0».BP0)  (gypsum) 

Sulphurous  acid  230*         >  yield     <         4S  (sulphur) 

and  sulphuretted  hydrogen  4H'S         )  (     C^K^,  w\ach  u  ethylene, 

and 

Carbonate  of  lime  Ca»CO»)  (Ca»SO*.H«0       (gypsum) 

Sulphurous  acid  SO'    \  yield     <       3S  (sulphur) 

and  sulphuretted  hydrogen      SH'S     )  (  CH*,  which  is  marehgae. 

These  and  all  their  homologues  would  be  produced  in  nature  by  the 
action  of  volcanic  gases  on  limestone. 

But  much  the  most  abundant  of  the  volcanic  gases  appear  (at  any 
rate  at  the  surface)  as  steam,  and  petroleum  appears  to  have  been 
more  usually  produced  without  sulphurous  acid  and  with  part  of 
the  sulphuretted  hydrogen  H'S  replsiced  by  HK)  (steam),  or  HK)* 
(peroxide  of  hydrogen),  which  is  the  product  that  results  from  the 
combination  of  sulphuretted  hydrogen  and  sulphurous  acid  (H'S+SO* 
=H»0*+2S).     Thus 

Ca«CO» )  (  Ca«SO«.H>0  (gypsum) 

H'S       [     yield  and 

2a20    )  {CR*,marthyiu 

and 

2Ca«C0»  )  (  2Ca«S0*.H»0  (gypram) 

2H'S       {     yield      I  and 

2H»0»     )  I  C»HS  or  ethylene. 

Four  tables  are  given  at  the  end  of  the  paper,  showing  the 
formulas  for  the  homologues  of  ethylene  and  marsh  gas  resulting 
from  the  increase  in  regular  gradation  of  the  same  constituents. 

It  is  explained  that  these  effects  must  have  occurred,  not  at 
periods  of  acute  volcanic  eruptions,  but  in  conditions  which  may  be 
and  have  been  observed  at  the  present  time  wherever  there  are 
active  solfataras,  or  furaaroles,  at  work.  Descriptions  of  the  action 
of  solfataras  by  the  late  Sir  Bichard  Burton  and  a  British  Consul  in 
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loeland  are  quoted,  also  a  paragraph  from  Lyell's  "Principles  of 
Geology/'  in  which  he  says  that  the  mud-volcanoes  at  Girgenti,  in 
the  Tertiary  limestone  formation,  '*are  known  to  have  been  casting 
out  water,  mixed  with  mud  and  hiiumen^  with  the  same  activity  for 
the  last  fifteen  centuries."  Probably  at  all  these  solfataras,  if  the 
gases  traverse  limestone,  fresh  deposits  of  oil-bearing  strata  are 
accumulating;  and  how  much  may  there  not  have  been  produced 
during  fifteen  centuries  I 

Gypsum  may  also  be  an  indication  of  oil-bearing  strata,  for  the 
substitution  in  limestone  of  sulphuric  for  carbonic  acid  can  only 
be  accounted  for  by  the  action  of  these  sulphurous  gases.  The 
abundance  of  gypsum  in  the  United  Kingdom  indicates  that  large 
volumes  of  petroleum  are  probably  stored  in  places  where  it  has 
never  yet  been  sought  for.  Gypsum  is  found  extensively  in  the 
petroleum  districts  of  the  United  States,  and  it  underlies  the  rock- 
salt  beds  of  Middlesboro'  (N.E.  Yorkshire),  where,  on  being  pierced, 
it  has  given  passage  to  oil-gas,  which  issues  abundantly  mixed  with 
brine,  and  under  great  pressure  from  a  great  depth. 

III.  and  ly.— Besides  the  spaoe  occupied  by  'natural  gas,'  17,000 
million  gallons  of  petroleum  have  been  raised  in  America  since 
1860,  and  that  quantity  roust  have  occupied  100,000,000  cubic  yards ; 
a  space  equel  to  a  subterranean  cavern  100  yards  wide  by  twenty 
feet  high  and  eighty-two  miles  in  length,  and  it  is  suggested  that 
beds  of  'porous  sandstone'  could  hardly  find  room  for  so  much; 
while  vast  receptacles  may  exist,  carved  by  water  out  of  former  beds 
of  rock-salt  adjoining  the  limestone. 

This  would  account  for  the  brine ;  and  the  increase  to  the  molecular 
volume  of  the  gases  consequent  thereon,  would  in  part  account  for 
the  pressure.  It  is  further  suggested  that  when  no  such  open  spaces 
were  available,  the  hydro-carbon  vapours  were  absorbed  into  and 
condensed  in  contiguous  clays  and  shales,  and  perhaps  also  in  beds 
of  coal,  only  partially  consolidated  at  the  time.  There  is  an  exten- 
sive hitwmnoHs  limeBione  formation  in  Persia,  containiug  20  per  oent 
of  bitumen ;  and  the  theory  elaborated  in  the  paper  would  account 
for  bitumen  and  oil  having  been  found  in  Canada  and  Tennessee 
imbedded  in  limestone,  which  fact  Mr.  Peckham  (in  his  article  on 
Petroleum  in  the  '  Encyclopssdia  Brit,'  9th  edition)  thought  was  a 
corroboration  of  his  belief  that  some  petroleums  are  a  "  product  of 
the  decomposition  of  animal  remains." 

Above  all,  this  theory  accounts  for  the  many  varieties  in  the 
chemical  composition  of  paraffin  oils,  in  accordance  with  ordinary 
operations  of  Nature  during  successive  geological  periods. 

X. — Thb  Geology  op  Pbtrolkum  and  Natural  Gas.     By  W. 
ToPLBY,  F.R.S.,  Assoc.  Inst.  C.E. 

THE  object  of  this  paper  is  to  give  a  summary  of  some  of  the  more 
important  facts  as  to  the  geological  conditions  under  which 
petroleum  and  natural  gas  are  found  in  various  parts  of  the  world, 
noting  the  geological  ages  of  the  rocks  in  which  they  occur,  and  the 
influence  of  geological  structure  in  determining  this  occurrence. 
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Few  cases  are  known  in  which  petroleam  occurs  in  rocks  older 
than  the  Sihirian,  and  none  where  the  amount  is  of  any  importance. 

Petroleum  occurs,  hut  not  in  lar^e  quantity,  in  a  trachyte-hreccia 
at  Taranaki,  New  Zealand.  In  N.W.  Hungary  it  is  found  in  a 
trachytic  tuff  of  Miocene  age.  These,  however,  are  exceptional 
cases ;  not  only  is  petroleum  not  found  in  volcanic  rocks,  but  in  the 
great  majority  of  cases  it  is  far  removed  from  any  known  indications 
of  true  volcanic  action. 

The  great  stores  of  petroleum  and  gas  in  Pennsylvania  and  New 
York  are  in  sandstone  beds  of  the  Devonian  and  Lower  Carbonifer- 
ous rocks.  Of  late  years  great  quantities  of  gas  and  oil  have  been 
obtained,  chiefly  in  Ohio  and  Indiana,  from  the  Trenton  Limestone 
(Ordovician). 

The  oil-  and  gas-flelds  of  Pennsylvania  and  New  York  have  a 
very  simple  geological  structure.  Th^  rocks  lie  comparatively  un- 
disturbed, being  only  gently  folded  into  a  series  of  anticlinals  and 
synclinals  parallel  with,  and  along  the  N.W.  side  of,  the  main  axes 
of  the  Alleghanies.  These  folds  have  themselves  a  gentle  inclination 
towards  the  S.W.  In  the  Alleghanies,  and  to  the  S.E.  of  the  range, 
where  the  rocks  are  greatly  disturbed,  neither  oil  nor  gas  is  found. 
Some  of  the  larger  gas  wells  are  on  or  near  the  summits  of  anti- 
clinals, but  many  are  not  so  placed.  In  the  Trenton  Limestone 
fields  of  Ohio  and  Indiana  the  productive  areas  are  mainly  over  anti- 
clinals, gas  occurring  at  the  crown  of  the  arch,  oil  on  the  slopes. 

The  essential  conditions  for  a  largely  productive  field  of  gas  or 
oil  are — a  porous  reservoir  (generally  sandstone  or  limestone)  in 
which  the  hydrocarbons  can  be  stored,  and  an  impervious  cover  of 
shale  retaining  them  in  the  reservoir.  It  is  also  believed  that  they 
only  occur  where,  in  or  under  the  porous  reservoir,  there  have  been 
accumulations  of  fossil  remains,  the  original  decomposition  of  which 
yielded  the  hydrocarbons.  In  the  case  of  the  sandstones  the  original 
source  was  probably  the  fossiliferous  shales  which  underlie  them ; 
in  the  case  of  the  Trenton  Limestone  the  source  was  probably  the 
fossiliferous  limestone  itself.  The  limestone  is  only  productive 
under  certain  circumstances ;  in  its  normal  condition  it  is  a  compact 
rock,  and  then  it  contains  neither  gas  nor  oil.  But  over  large  areas 
the  limestone  has  been  dolomitized,  and  so  transformed  into  a 
oavemous  and  porous  rock  in  which  gas  and  oil  are  stored.  The 
enormous  quantities  of  gas  and  oil  given  out  from  beds  of  limestone 
and  sandstone  can  be  fully  accounted  for  when  their  porous  nature, 
thickness,  and  extent  are  taken  into  consideration.  Some  of  these 
rooks  can  contain  from  iV^h  to  ith  of  their  bulk  of  oil. 

The  high  pressure  under  which  gas  and  oil  flow  from  deep  borings 
can  in  most  cases  be  fully  explained  by  artesian  pressure. 

In  Kansas  gas  occurs  mainly  in  the  Lower  Coal -measures.  In 
Kentucky  and  Tennessee  oil  is  found  in  the  Ohio  shales  (Upper 
Devonian),  in  Colorado  in  shales  of  Cretaceous  age.  In  California 
it  is  found  in  Tertiary  strata,  mostly  much  disturbed. 

In  Canada  the  chief  source,  in  Ontario,  is  in  Devonian  rocks, 
along  a  well-marked  anticlinal ;  but  gas  and  oil  also  occur  in  the 
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Trenton  LimeBtone.  In  the  North -West  Territories  there  seem  to 
be  great  stores  of  oil  in  Devonian  rocks.  Gas  and  oil  now  found  in 
Cretaceous  strata  of  the  prairies  and  Athabasca  may  have  been 
derived  from  underlying  Devonian  rooks ;  but  in  the  Bocky 
Mountains,  at  Crow's  Nest  Pass,  oil  is  probably  native  to  the 
Cretaceous  beds. 

In  Mexico,  the  West  Indies,  and  parts  of  South  America,  Tertiary 
strata  seem  to  be  the  chief  source  of  oil.  The  age  of  the  petroleum - 
bearing  nnfossiliferous  sands,  etc.,  of  the  Argentine  Republic  (pro- 
vince of  Jujuy)  is  not  certainly  known  ;  they  have  been  referred  by 
different  writers  to  various  ages  from  Silurian  to  Tertiary ;  they  are 
probably  sub-Cretaoeous.  In  Europe  and  Asia  the  petroleum- 
bearing  beds  are  of  Secondary  or  Tertiary  age,  the  Palssozoio  rooks 
yielding  only  an  insignificant  supply. 

In  North-west  Germany  we  find  petroleum  in  the  Eeuper  Beds, 
and  more  or  less  in  other  strata  up  to  and  including  the  Gault  As 
we  pa8s  to  the  south  and  south-east  from  this  district  we  find,  as 
a  general  rule,  that  oil  occurs  in  newer  strata.  The  various  pro- 
ductive horizons  of  different  districts  are  as  follows : — 

North-weft  Germany       Eeuper  to  (htult. 

Ehone  Valley     \  t««,«« 

Savoy  '      }      ^'^^^^^ 

g^r***  \     Neocomian  and  Cretaceous. 


Oligocene. 

Bavaria     Lower  Tertdary  (Flysch). 

Italj Eocene. 

Steart  Hungary     | Neocomian  to  Miocene. 

Poland  k 

Rouroania       >        Miocene. 

CaucaauB         ) 

The  important  districts  of  Baku  occur  on  plains  over  antidinals  of 
Miocene  beds.  The  petroleum-bearing  sands  are  interstratified  with 
impervious  clays,  separating  the  strata  into  distinct  productive 
horizons. 

In  Algeria  oil  ooours  in  Lower  Tertiary  beds.  The  Egyptian 
petroleum  comes  from  Miocene  strata. 

Petroleum  seems  to  be  unknown  in  peninsular  India;  but  it 
occurs  in  many  places  along  the  flanks  of  the  Himalayan  range,  and 
also  in  Lower  Burma,  generally  in  Lower  Tertiary  strata.  In  Upper 
Burma  and  Japan  the  oil-bearing  rocks  are  probably  Newer  Tertiary. 
In  all  these  areas  the  beds  are  greatly  disturbed,  and  the  same  is  the 
case  with  the  great  Carpathian  field  ;  but  it  frequently  happens  that 
the  most  productive  regions  are  along  anticlinal  lines. 

In  New  Zealand  oil  occurs  in  Cretaceous  and  Tertiary  strata. 

Petroleum  and  gas  almost  universally  occur  associated  with  brine. 
This  may  come  wholly  or  partly  from  the  decomposition  of  the 
animal  matter  which  has  produced  the  hydrocarbons,  together 
with  the  remains  of  the  sea-water  originally  present  in  the  rocks. 
But  the  frequent  occurrence  of  rock-salt  in  the  neighbourhood  of 
petroleum-bearing  districts  is  worthy  of  note. 
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Summary. — The  main  points  to  be  considered  in  respect  of  the 
geological  conditions  under  which  petroleum  and  gas  occur  seem  to 
be  as  follows : — 

1.  They  occur  in  rooks  of  all  geological  ages,  from  Silurian 
upwards.  The  most  productive  areas  are  Paladozoic  in  North 
America,  Miocene  in  the  Caucasus. 

2.  There  is  no  relation  to  volcanic  action. 

3.  The  most  productive  areas  for  oil  in  great  quantity  are  where 
the  strata  are  comparatively  undisturbed.  Oil,  but  in  less  abund- 
ance, frequently  occurs  when  the  strata  are  highly  disturbed  and 
contorted,  but  gas  is  rarely  so  found. 

4.  The  main  requisites  for  a  productive  oil-  or  gas-field  are  a 
porous  reservoir  (saudstone  or  limestone)  and  an  impervious  cover. 

5.  Both  in  comparatively  undisturbed  and  in  highly  disturbed 
areas,  an  anticlinal  structure  often  favours  the  accumulation  of  oil 
and  gas  in  the  domes  of  the  arches. 

6.  Brine  is  an  almost  universal  accompaniment  of  oil  and  gas. 

XI. — VULOANICITY    IN     LoWEB     DEVONIAN     BOOKB.       ThE     PbAWLK 

Problem.     By  W.  A.  E.  Ussueb,  F.G.S.     fCommunicated  by 
permission  of  the  Director-G^eneral  of  the  Geological  Survey.] 

IN  the  area  extending  south  from  the  Middle  Devonian  volcanic 
series  of  Ashprington  to  the  Prawle  there  appears  to  be  no 
proof  of  the  occurrence  of  strata  older  than  Lower  Devonian.  There 
is  no  adequate  reason  for  assuming  that  Lower  Devonian  rocks  as 
old  as  the  Gedinuian  occur  on  the  surface,  and  there  is  no  certainty 
that  the  lowest  beds  are  older  than  the  Ix)wer  Goblenzian. ' 

The  occurrence  of  local  volcanic  action  in  Lower  Devonian  time 
is  proved  by  a  series  of  diabases  and  tu£fs  near  Dartmouth,  in  the 
Kings  wear  Promontory,  near  Stoke  Fleming,  and  in  the  line  of 
country  west  from  Torcross. 

In  aHSOciation  with  the  northern  chloritic  band  (running  from  the 
mouth  of  the  valley  on  the  north  of  Hull  Sands  on  the  east  to  Hope 
on  the  west)  we  find  volcanic  materials  identical  in  character  with 
varieties  of  volcanic  rocks  associated  with  the  Devonian  slates  in  the 
line  of  country  west  from  Torcross ;  and  here  and  there  in  the  line 
of  country  west  from  Torcross  the  volcanic  rocks  assume  a  more  or 
less  pronounced  chloritic  aspect.  The  junction  of  the  slates  on  the 
north  with  the  northern  chloritic  band  is  a  strictly  normal  one,  the 
chloritic  rocks  being  almost  invariably  separated  from  the  slates  by 
brown  volcanic  materials  which  are  everywhere  succeeded  by  the 
same  type  of  Devonian  slate,  and  in  the  Southpool  Creek  and  many 
other  sections  are  found  to  pass  insensibly  into  the  chloritic  type. 
In  the  Southpool  Creek  section  a  hard  bluish  diabase  (?aphanite) 
occurs  in  the  chloritic  band.  In  the  southern  chloritic  districts  of 
the  Prawle  the  volcauic  rocks  may  still  be  here  and  there  detected 
by  texture  or  colour.  Volcanic  rocks  occur  in  the  mica  schists  of 
the  Start  coast,  and  can  be  detected  even  when  only  a  few  inches  in 
thickness.  At  Spirit-of-the-Ocean  Cove  chloritic  rock  with  much 
calospar  occurs  in  association  with  tuffs  and  a  grey  look  with 
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incipient  foliation,  presenting  a  slightly  gneissoid  appearance,  and 
apparently  a  much  sheared  diahase.  The  association  of  the  chloritio 
rocks  with  the  mica  schidts  is  of  as  intimate  a  nature  as  that  of  the 
volcanic  materials  with  the  unaltered  slates  to  the  north.  From 
these  facts  it  seems  evident  that  the  chloritio  series  is  nothing 
more  than  a  Devonian  volcanic  group,  of  which  the  Torcross,  Stoke 
Fleming,  Dartmouth,  and  Eingswear  coast  tuflfs  and  diabases  were 
either  sporadic  oflfshoots  or  evidences  of  more  or  lesi^ contemporaneous 
local  vulcanicity. 

The  more  evident  crinkling  of  the  mica  schists  in  contact  with 
the  chloritio  group  seems  to  be  due  to  their  comparative  softness  and 
greater  fissility  during  the  crumpling  and  oontraction  to  which  both 
were  subjected. 

The  comparative  suddenness  of  the  transition  from  unaltered  to 
more  or  less  highly  altered  rocks  may  be  explained  by  the  lessening 
of  strain  (in  receding  from  the  harder  masses  of  ancient  rooks, 
against  which  the  beds  were  jammed),  being  coincident  with  the 
thinning  out  of  the  volcanic  materials  northward,  and  furthermore 
favoured  by  the  soft  character  of  the  grey  slates  with  limonitio 
interfilmings  which  everywhere  bound  the  northern  chloritio  band 
on  the  north.  It  is  not  the  author's  present  purpose  to  enter  more 
particularly  into  the  stratigraphy  of  this  interesting  region,  which  is 
not  yet  thoroughly  worked  out.  It  only  remains  to  acknowledge  the 
pi-ior  claim  of  Mr.  Somervail  to  the  suggestion  of  the  identity  of  the 
Devonian  diabases  with  the  chloritio  rocksJ 


XII. — NOTB  ON  BOULDBRS  AT  DaBLKT,  NIAR  MaTLOCK,  DeBBTSHIBE. 

By  Hbbbkkt  Bolton. 

DTJEING  the  excavation  for  a  small  lake  close  to  the  Midland 
Railway  Station  at  Darley,  near  Matlock,  a  cluster  of  fifteen 
boulders  were  exposed,  the  size  of  several  being  sufficient  to  justify 
an  examination.  The  boulders  lay  in  a  bed  of  Boulder-clay  which 
had  a  thickness  of  nine  feet. 

The  upper  part  of  the  clay  was  of  a  strong  yellow  colour  and 
very  stiff.  Below,  the  colour  varied  from  yellow  to  brown  and  red, 
and  pockets  of  sand  were  common. 

Only  two  boulders  were  rounded,  the  rest  being  sub  angular,  on 
their  upper  half,  and  fairly  angular  on  the  lower. 

All  the  boulders  consist  of  gritstone  identical  in  character  with 
the  Chatsworth  grit  of  the  adjoining  hills. 

No  striations  occur  in  the  boulders,  but  this  may  be  due  to  the 
original  surface  having  crumbled  away. 

A  series  of  parallel  and  shallow  grooves  occur  on  the  side  of  the 
largest  boulders,  and  a  deep  hollow  has  been  scooped  out  of  its 
southern  face. 

The  major  axis  of  the  undisturbed  boulder  was  approximately 
north  and  south,  the  general  direction  of  the  cluster  being  8^  west 
of  north.     The  blocks  were  arranged  in  the  order  of  their  weight 

^  The  views  above  expressed  are  those  to  which  the  author  himself  has  been  led, 
but  they  have  not  yet  been  fully  considered  and  adopted  by  the  Geological  Surrey. 
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in  a  north  to  south  direction.  The  clay  was  found  to  rest  upon  a 
deposit  of  the  nature  of  river  gravel. 

The  writer  is  of  opinion  that  the  clay  is  redistributed  Boulder- 
clay  from  the  adjoining  heights,  and  that  the  boulders  were  brought 
down  at  the  same  time  from  the  line  of  outcrop  of  the  grit. 

He  is  led  to  this  conclusion  by  the  local  character  of  the  boulders, 
the  almost  total  absence  of  foreigners,  and  the  character  of  the  clay. 

The  red  and  brown  colour  of  the  latter  at  its  base  seems  to  show 
that  oxidation  of  the  contained  iron  has  proceeded  for  a  longer  time 
than  in  the  case  of  the  uppermost  clay.  This  would  bo  expected  if 
the  clay  was  redistributed,  for  the  basement  mass  of  clay  must 
have  been  the  superficial  clay  of  the  heights.  The  enclosed  sand 
would  also  indicate  the  complete  disintegration  of  boulders  of  grit- 
stone, eta,  whilst  the  clay  was  in  its  primary  position. 

The  amount  of  disintegration  which  has  taken  place  since  redis- 
tribution is  marked  by  the  crumbling  surface  of  the  large  boulders. 

The  general  direction  of  the  boulders  may  be  explained  by  noticing 
that  the  river  flows  from  north  to  south. 


Da  E  V  I  E  -VST  S- 


I.— PiNKAL  FONTANBLLS  OF  PlAOODBRK  AND  CaTFISH.  By  B ASH- 
FORD  Dkan,  A.M.,  Ph.D.  Nineteenth  Beport  of  the  Com- 
missioners of  Fisheries  of  the  State  of  New  York,  pp.  307-363, 
pis.  i.-xiv.     (Albany,  1891.) 

DR.  DEAN,  as  assistant  to  Prof.  Newberry,  of  Columbia  College, 
New  York,  has  had  the  privilege  of  studying  the  fine  skulls 
of  Dinichthys  described  by  the  Pnifessor.  He  has  directed  attention 
more  especially  to  the  pineal  region  of  the  cranial  shield,  and  now 
attempts  to  show,  from  a  study  of  the  pineal  foramen  in  the 
Siluroids,  that  the  well-known  foramen  in  Dinichthys  and  its  allies 
must  have  been  the  seat  of  a  median  eye.  The  aperture  is  remark- 
ably minute,  and  after  a  detailed  description  of  the  surrounding 
bone.  Dr.  Dean  remarks  that  this  foramen  "  becomes  naturally  the 
pinhole  of  the  camera  to  produce  an  inverted  image  upon  the  retina, 
a  condition  almost  unparalleled  for  primitive  simplicity,  obviating 
as  it  does  a  diaphragm  (iris),  as  well  as  the  specialized  humours, 
aqueous,  crystalline,  and  vitreous.  Moreover,  it  will  at  once  be 
seen  to  do  away  as  well  with  all  devices  for  accommodation,  since 
the  focal  distance  would  be  practically  the  same  for  a  point  at  any 
given  distance."  The  author's  numerous  dissections  of  the  soft 
parts  of  the  Siluroid  head  afford  material  for  a  valuable  series  of 
notes  and  figures ;  and  it  seems  to  be  demonstrated  that  the  pineal 
eye  exists  in  a  very  degenerate  condition.  At  the  same  time,  we 
fail  to  recognize  in  the  new  memoir  any  additional  evidence  in 
favour  of  the  supposed  genetic  connexion  between  the  Coocostean 
fishes  and  modem  Siluroids.  Dr.  Dean's  researches  merely  result 
in  the  plausible  explanation  of  a  feature  in  the  cranial  roof  of 
DtnichthySf  by  reference  to  a  nearly  analogous  structure  in  an 
existing  type  of  fish.  A.  8.  W. 

DECADB   III.— VOL.  TUI. — ^KO.  XI.  33 
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11. — Cbbtagbous  Fia&BS  isom  Mezioo. 

IN  a  reoent  deBcription  of  a  series  of  Jurassio  and  Cretaoeona 
fossils  from  Mexico  (Palflsontof^phica,  vol.  xxxvii.  pp.  189— 
194,  pi.  xxviii.  figs.  14-18,  pi.  xxix.  fig.  8,  pi.  xxx.  figs.  3-5,  8-10), 
Dr.  J.  Felix  refers  to  some  fish-remains  from  the  Neocomian  of 
Cerro  de  la  Virgen,  near  TIaxiaoo.  The  new  genus  and  species, 
OtomiUa  Bpedosa,  is  founded  npon  a  skull  and  badly  preserved 
trunk,  apparently  of  a  Lepidosteoid  ganoid.  The  bones  of  the 
head  and  opercular  apparatus  are  externally  sculptured,  and  the 
dentition  consists  of  very  large  conical  teeth;  the  vertebras  are 
completely  ossified,  biconcave  ;  and  the  scales  are  rhomboidal,  mnoh 
broader  than  deep  on  the  ventral  aspect,  llie  imperfectly  known 
Neorh<nnholepi8,  of  the  English  Chalk,  presents  several  striking 
features  of  resemblance.  Associated  with  OtomiUa  it  is  interestini^ 
to  find  recognizable  remains  of  a  species  of  BehnostomuSt  described 
under  the  name  of  jB.  ornatui.  The  vertebra  in  this  fish  are  com- 
pletely ossified,  as  in  some  other  Cretaceous  species. 

Though  limited  to  the  description  of  two  definable  geneta  and 
species,  Dr.  Felix'  contribution  is  of  great  interest  as  relating  to  a 
region  that  has  not  hitherto  yielded  fossil  fishes.  BehnoBtomus  baa 
now  been  found  in  the  Cretaceous  of  Europe,  India,  Mexico,  Brazil, 
and  Queensland ;  and  the  geographical  distribution  of  the  genera  of 
fishes  of  the  Cretaceous  period  is  gradually  becoming  a  subject  con- 
cerning which  so  many  facts  are  known  as  almost  to  justify  aa 
attempt  at  broad  generalizations.  A.  S.  W. 


IIL — WiNOHESTKB    COLLBQB    NaTUBAL    HiSTORY    SoOIETY.       "QeO- 

LOGiOAL  Notes."     Fcap.  8vo.  pp.  82.     (Winchester,  J.  Wells, 
1891.)     Price  1$. 

FOB  many  years  the  above  Society  has  publisbed  in  its  Reports 
lists  of  the  Fauna  and  Flora,  both  Recent  and  Fossil,  of  tbe 
neighbourhood  of  Winchester.  The  lists  of  Reoent  forms  attained 
some  years  ago  to  such  a  degree  of  completeness,  that  their  repeated 
issue  seemed  unnecessary.  The  list  of  Fossils,  on  the  other  hand, 
has  been  rendered,  through  new  discoveries  and  new  views,  some- 
what antiquated,  and  it  is  a  happy  thought  of  Mr.  C.  Griffith  to 
issue  it  in  a  separate  and  more  convenient  form. 

The  present  edition  begins  with  a  short  description  of  the  Chalk 
of  Hampshire,  its  zones  and  its  foldings,  llien  follows  a  list  of 
Fits  and  Sections  near  Winchester ;  for  each  of  these  is  given  the 
zone  and  a  complete  list  of  fossils,  while  to  most  are  added  tbe  dip 
and  any  other  information  of  interest:  twenty-five  such  localitiea 
in  the  Chalk,  and  six  in  the  Eocene  are  thus  recorded.  The  Chalk 
in  the  Winchester  Anticlinal  extends  from  tbe  Senonian  zone  of 
Belemnitella  quadrata  down  to  the  zone  of  Holasier  suhglobosus  in 
the  Cenomanian.  From  it  186  species,  excluding  Plants  and  Fora- 
minifera,  are  here  recorded.  These  are  displayed  in  a  Table,  arranged 
according  to  the  main  zoological  divisions,  which  shows  the  vertical 
distribution  of  each  species  through  the  zones.    Thus,  while  the 
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first  Ijst  should  be  of  muoh  value  to  the  local  collect or»  the  Becond 
afifords  matter  for  thought  to  the  etratigraphioal  geologist  Care 
appears  to  have  been  taken  in  determining  the  species,  and  the 
names  are  eommendably  up  to  date;  it  would  appear  that  many 
new  forms  need  description. 

The  public  spirit  shown  in  the  printing  of  these  lists  deserves 
support  at  the  hands  of  all  interested  in  Cretaceous  Oeology.  Since 
it  must  be  acme  years  before  a  fresh  edition  can  be  brought  out, 
Mr.  Griffith  proposes  to  issue  a  supplementary  sheet  from  time 
to  time.  F.  A.  B. 

IV. — L'EvoLUTioN  DIBS  FoRMEs  Amimalvs  avavt  l'Appabition  D1 
l'Hommb.  Par  F.  Phibil  8vo.  pp.  384  and  175  Figures.  Biblio- 
th^ue  scientifique  oontemporaine.  (J.  B.  Bailli^re  et  Fils, 
Paris,  1891.)     3fr. 

DID  there  exist  a  class  of  people  perfectly  familiar  with  the  most 
technical  terms  of  modem  science,  and  deeply  interested  in  its 
most  abstruse  problems,  yet  at  the  same  time  absolutely  ignorant  of 
all  it9  conclusions,  then  we  could  understand  the  commercial  value 
of  books  like  the  present.  As  for  its  educational  worth,  a  book 
that  compresses  the  history  of ''  all  the  animal  forms  discovered  in 
geological  strata "  into  863  small  pages  of  large  leaded  type,  and 
that  enters  therewith  into  such  details  as  the  description  of  the 
spines  of  a  single  species  of  OidartMf  may  amuse  the  palaaontologist, 
but  can  hardly  instruct  the  student. 

We  do  not  wish  to  be  hard  on  Professor  Priem ;  he  has  done  his 
hack-work  no  worse  than  this  sort  of  thing  is  usually  done.  While 
abstaining  from  rash  speculation  on  his  own  account,  he  has  given, 
as  a  rule,  the  viewe  of  the  most  recent  writers,  among  whom  he 
has  naturally  gleaned  much  from  Neumayr,  and  to  a  commendable 
absence  of  dogmatic  statement  he  joins  much  fairness  in  stating  the 
views  of  those  with  whom  he  does  not  agree.  For  example,  while 
the  history  of  the  Cephalopoda  is  far  sounder  than  that  given  in 
most  text-books,  the  views  of  Munier-Ghalmas  on  Spirula,  and 
Steinmann  on  Argonauta^  though  not  accepted,  are  given  considerable 
(some  would  say  too  much)  prominence. 

It  is  the  easiest  thing  in  the  world  to  pick  holes  in  patch-work, 
but  the  occupation  is  somewhat  unprofitable.  Here,  however,  are 
a  few  weak  places  for  the  author's  consideration.  QlMgerina  ooze 
ijs  not  found  at  a  greater  depth  than  4000  metres,  because,  suggests 
M.  Priem,  the  high  pressure  of  the  water  breaks  these  fragile 
shells.  The  tentacles  of  Echinoderms  are  not  called  ''ambulacra." 
The  Echinoderm  skin  is  hardly  **  incrustree  [«»c]  de  calcaire." 
The  '' dorsocentral "  of  a  crinoid  is  not  the  same  as  either  the 
"  centrodorsal "  or  the  mythical  "  orocentral."  The  larva  of  Aniedon 
resembles  many  genera  rather  than  Fentacrinui.  If  the  Neritidas 
are  descended  from  the  Trochidee,  how  does  M.  Priem  explain  the 
total  difference  in  their  radulae  ?  Helix  owns  a  more  remote 
antiquity  than  the  Lower  Eocene ;  it  haa  been  found  in  the  Gault. 
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And  what  on  earth  induced  the  author  to  pen  this  sentence  :  "Le 
uombre  des  chambres  chez  les  Orihoeeras  est  invariable  "  ? 

The  publishers  have  secured  numerous  illustrations,  the  better 
ones  being  reprinted  from  Professor  Gaudry's  '*  Enchainements  da 
Monde  Animal,"  recently  reviewed  in  these  pages.  But  we  regret  to 
see  once  more  the  caricature  of  lehthyoerinus  ptriformis,  that,  under 
the  name  of  ''  Oyathocrinus  pyriformie,*'  disgraces  p.  89.  No  Trigonia 
ever  had  lines  of  growth  like  those  drawn  in  fig.  82 ;  the  engraver 
cannot  have  seen  the  shell.  Fig.  106,  a  worse  copy  of  a  bad  original 
(Pictet  'Traite  de  Paleont'  pi.  liii.  fig.  6)  hanlly  represents  the 
typical  form  of  Amaltheus  margaritatus.  The  drawings  of  Coccosteus, 
FterodactyluSf  and  Megatherium  are  more  than  old,  they  are  senile ; 
it  is  to  be  hoped  that  their  errors  will  soon  pass  to  the  land  where 
all  things  are  forgotten. 

The  printer  seems  to  have  placed  the  blocks  at  his  own  sweet 
will ;  some  Gasteropod  and  Cephalopod  shells  are  placed  with  the 
mouth  upwards,  others  with  it  downwards,  while  even  a  skull  of 
Teleosaurus  (fig.  149)  is  topsy-turvy.  And  here  is  a  little  sum  for 
him  :  if  every  volume  of  the  'Biblioth^ue  scientifique  contem- 
poraine'  has  as  many  misprints  as  the  present  one,  how  many 
thousands  do  they  amount  to  ?  F.  A.  B. 


V. — Tbansactions  of  the  Lesds  Geological  Association.  Part 
VI.  1890-91.  Edited  by  W.  Lower  Oabteb,  M.A.,  F.G.S. 
(Leeds,  1891.) 

AS  indicated  by  the  new  part  of  its  Transactions  just  received, 
the  Leeds  Geological  Association  still  continues  to  maintain 
its  position  as  one  of  the  most  flourishing  of  provincial  societies. 
While  specially  concerned  with  the  facts  of  Yorkshire  Geology, 
and  devoting  much  time  to  field-excursions,  the  Association  also 
encourages  the  discussion  of  wider  subjects  of  general  interest ;  and 
useful  abstracts  of  all  the  communications  are  comprised  in  the  first 
half  of  the  Report  The  Presidential  Address  (by  Mr.  C.  Brown- 
ridge,  F.G.S.)  relates  to  the  building  and  paving  stones  employed 
in  Leeds.  Other  contributions  to  local  geology  are  entitled  "A 
Geological  Tour  through  Durham  into  Cumberland  "  (by  Mr.  W. 
Cheetham),  "A  Long-buried  Oak"  (by  Mr.  B.  Holgate,  F.G.S.), 
**  A  Geological  Episode  as  recorded  in  the  Ingleton  Granite "  (by 
Mr.  T.  Tate,  F.G.S.),  and  "From  Kettleness  to  Saltburn"  (by  Mr. 
E.  Hawkesworth).  Among  more  general  papers,  Prof.  A.  Lupton 
discusses  **  A  Gold  Mine,  a  Slate  Mine,  and  a  Salt  Mine,"  while 
Mr.  J.  E.  Marr  has  some  brief  remarks  on  "The  Backbone  of 
England."  Other  readable  summaries  of  special  geological  subjects 
are  also  given ;  and  the  latter  half  of  the  Report  is  devoted  to  a 
well- written  account  of  the  Field  Excursions,  which  will  prove  of 
much  value  to  all  geologists  who  wish  to  study  the  district  The 
Membership  of  the  Association  is  well  maintained,  and  the  latest 
additions  to  the  list  of  Honorary  Members  are  the  names  of  Messrs. 
J.  E.  Marr  and  A.  Smith  Woodward. 
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VI. — ^Ths  Anobbtbal  H0B8B. 

NoTio*  SUB  FHippARioy  crassum  dk  Rousillon.  By  Mabib  Pavlow. 

Bull.  Soo.  Imp.  Nat.  Moboou,  1891. 
Qu'est  ok  qub  o'est  que  VHipparion.    By  Mabib  Paylow.    Ibid. 

IN  these  brief  notes  Madame  Pavlow  re-states  her  views  as  to  the 
specialized  character  of  Hipparion,  and  the  impossibility  of  its 
being  an  ancestral  form  of  Equus.  She  regards  the  lower  dentition 
ascribed  to  H.  crassnm  by  Deperet  as  erroneously  determined,  pre- 
ferring to  assign  it  to  Equus ;  and  the  supposed  limbs  of  the  Indian 
H.  antilopinum  seem  to  her  to  be  more  probably  referable  to  Equus 
stenonis. 
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I. — Addbbss  to  the  Gbolooioal  Sbotiom  or  the  Bbitish  Associa- 
tion, BT  Pbofessob  T.  Rupkbt  Jones,  F.R.S.,  F.G.S.,  President 
of  the  Section,  Cardiff,  August  2l8t,  1891. 

1.  Introduction. — The  black  stones  that  burn  probably  came  to  be  known 
by  pre-historic  people  through  accident,  here  and  there,  long  before  any 
notion  of  their  worth  to  the  community  at  large  was  entertained.  Wood 
at  first,  and  then  charcoal,  supplied  fuel  far  into  histonc  times,  on  every 
hand,  except  perhaps  in  China.  In  the  first  century  of  the  Christian  era 
the  Romans,  occupying  England,  met  with  coal,  and  probably  learnt  its 
use  from  the  natives.  It  seems,  however,  to  have  been  disregarded  during 
the  Saxon  conquest  and  domination  of  this  Island  ;  but  by  the  beginning 
of  the  twelfth  century  the  use  of  coal  was  well  in  hand  again,  as  shown  by 
old  charters  relating  to  places  in  Scotland  and  the  county  of  DurhauL 

The  histoiT  of  the  use  of  coal  is  treated  of  in  the  following  books  : — 
*  The  Coal-fidds  of  Qreat  Britain :  their  History,  Structiure,  and  Resources, 
with  notices  of  the  Coal-fields  of  other  parts  of  the  World.*  By  Edward 
Hull,  M.A.,  etc.,  with  maps  and  illustrations.  Bvo.  London.  First 
edition,  1861 ;  second,  1661 ;  third,  1873 ;  fourth,  1881.  <  Coal  :  its 
History  and  Uses.'  By  Professors  Green,  Miall,  Thorpe,  Rucker,  and 
Marshall.  Edited  by  Professor  Thorpe.  8va  London,  1878.  Also  in 
the  unpretentious  pamphlet, '  The  History  of  Coal.'  By  the  Rev.  Thomas 
Wiltshire,  M.A.,  etc.  8vo.  London,  1878.  Of  course  the  most  com- 
prehensive work  on  the  British  Coal-measures  is  the  *  Report  of  the 
Commissioners  appointed  to  Inquire  into  the  several  matters  relating  to 
Coal  in  the  United  Kinfi;dom,'  3  vols.,  with  maro  and  sections.  FoL 
London,  1871.  Other  valuable  works  are:  W.  W.  Smyth's  'Coal  and 
Coal  Mining,'  8vo.  1867,  and  later  editions ;  and  Richard  Meade's  *•  Coal 
and  Iron  Industries  of  the  United  Kingdom,'  etc.  8va  London,  1882. 
'Coal:  its  Qeoloncal  and  Geographical  Position.'  By  Professor  John 
Morris,  8vo.  London,  1862,  although  only  a  pamphlet,  is  valuable  for  its 
information. 

The  subject  of  Coal  and  the  Coal-measures  is  abundantly  treated  of  in 
the  scientific  literature  of  this  century  in  nearly  idl  parts  of  the  world,  and 
it  would  be  useless  to  endeavour  to  do  justice  to  its  bibliography.  Besides 
having  had  the  advantage  of  the  labours  of  the  many  eminent  foreign 
geologists  who  have  advanced  our  knowledge  of  the  subject  in  one  or  other 
of  its  various  aspects,  both  by  original  research^  and  by  condensing 

^  Especiajly  Sternberg,  Brongniart,  Goeppert,  Petiholdt,  Geinits,  Unger, 
Schimper,  Weiss,  Renault,  and  Grand  Eiiry. 
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published  results  in  treatises  and  manuals  for  students/  we  have  had  some 
of  the  most  enthusiastic  students  of  the  natural  history  of  the  Carboni- 
ferous strata  and  fossils  in  our  own  country  and  within  our  own  times. 
Their  names  must  frequently  occur  in  spealanc  of  coal  and  its  belongings. 

The  text-books  and  manuals  of  ^logy  d^  De  la  Beche,  PhiUip^ 
Trimmer,  Lyell,  Ansted,  Jukes,  Geikie,  Prestwich,  Green,  Etheridge,  bjmI 
others,  are  safe  guides :  the  Memoirs  of  the  Geological  Sunreys  of  England 
and  Wales,  Scotland,  Ireland,  and  India  are  mines  of  scientific  wealth  as 
regards  the  same  matter ;  our  paUdobotanists  Lindley,  Hutton,  Artis, 
Witham,  Morris,  Hooker,  Binney,  Bunbury,  Dawes,  Williamson,  Carruthers, 
Balfour,  Eidston,  etc.,  have  given  us  good  results;  and  others,  not 
specialists,  have  written  good  matter  for  our  consideration.  Abroad, 
among  our  American  friends,  we  have,  or  have  had,  several  of  the  State 
geologists  (Emmons,  Lesquereux,  Rogers,  Lesley,  Newberry,  Dana),  who 
have  studied  the  Coal-measiu^es  with  care,  besides  Steinhauer,  Brown,  and 
others ;  but  no  one  has  so  earnestly  and  successfully  given  his  serious 
attention  to  this  branch  of  geology  and  palsBontolc^  as  Sir  J.  W.  Dawson, 
of  Montreal,  not  long  since  President  of  the  British  Association  when  we 
met  at  Birmingham  in  1886.  His  numerous  memoirs  and  elaborate  work 
on  *  Acadian  Geolo^ '  supply  abundant  facts  and  sound  theories  in 
elucidation  of  the  history  of  the  Coal  Period.  Sir  W.  E.  Logan,  who 
indeed  by  his  studies  in  South  Wales  was  the  first  to  give  geologists  a  clue 
to  the  interpretation  of  much  that  was  very  obscure  about  coal,  worked 
with  Sir  J.  W.  Dawson  in  the  Nova-Scotian  coal-field  ;  and  so  also  did  Sir 
Charles  Lyell,  who  there  and  elsewhere  devoted  much  enei^  and  acumen 
to  the  elucidation  of  the  origin  and  formation  of  coaL 

The  indexes  of  successive  volumes  of  the  *  Geological  Record '  show  how 
abundant  have  been  papers  and  books  on  Coal,  Coal-mines,  Coal-fielda, 
Carboniferous  fossils,  and  correlative  studies,  within  the  last  few  years, 
abroad  and  at  home.  The  subject  is  so  extensive  that  we  must  confine 
ourselves  to  the  coal  of  South  Wales. 

2.  The  Coal'fidd  of  South  Walet,  as  studied  bv  Loaafn,  De  la  Beche^ 
and  others, — Had  it  been  that  the  stone  axe  founa  in  Monmouthshire  by 
Edward  Lloyd  «  were  really  associated  with  the  outcrop  of  the  coal  there, 
and  if  trulv  belonging  to  the  Stone  age  and  used  in  hewing  coal,  as  Pro- 
fessor Hull's  mention  of  it  seems  to  imply,*  it  would,  indeed,  have  been 
one  among  the  few  known  evidences  of  prehistoric  coal-mining,  and  would 
tend  to  show  that  South  Wales  was  among  the  places  first  made  to  yield 
this  useful  mineral 

At  the  present  day  South  Wales  and  Monmouthshire  yield  coal  in 
greater  quantity  and  of  more  value  (by  over  a  million  pounds  sterling  a 
year)  than  the  coal-fields  of  Northumbco^land  and  Durham,  or  of  Yorkshire 
and  Derbyshire ;  and  considerably  more  (bv  nearly  £5,000,000)  than  that 
of  the  Clyde  Basin  and  associated  coal-fields  of  Scotland.  Indeed,  the 
annual  value  of  the  coal  produced  in  South  Wales  with  Monmouthshire 
may  be  said  to  be  about  eleven  millions  out  of  the  whole  forty-five  millions 
sterling  estimated  as  the  value  of  \h<^  coal  at  the  pit's  mouth  throughout 
the  United  Kingdom. 

The  ffreat  coal-field  of  South  Wales  has  the  especial  credit  of  having 
supplied  some  of  the  earliest  and  most  important  facts  and  phenomena 
illustrative  of  the  geological  succession  of  the  materials  of  the  Goal- 

^  Omalius  d'Halloy,  Leonhard  and  Hoernes,  Yogi,  C.  D'Orbigny  and  Gente, 
Bendant,  Credner,  Lapi>arent,  Contjean.  and  othera. 

'  *In  a  steep  rock  called  Craig  y  park,  and  othetB  in  the  Parish  of  Istravd 
Brrodog,  we  observed  divers  veins  of  coal,  exposed  to  sight  as  naked  as  the  rock ; 
and  found  a  flint  axe,  somewhat  like  those  used  bj  the  Americans '  (Fkil,  Trmns. 
vol.  xxriii.  17U,  p  601 ;  in  a  letter  dated  September  22,  1697). 

>  The  Coal-fields,  etc.,  4th  edit  p.  12. 
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measures,  and  of  the  natural  histoir  of  the  coal  itself.  To  the  perservering 
enei^  and  accurate  observation  of  Sir  William  K  Logan  and  Sir  Henry 
T.  De  la  Beche  South  Wales  gave  up  the  secrets  of  coal-growth,  strength- 
ening some  earlier  suppositions,  correcting  others,  and  establishing  a  firm 
basis  for  the  theory  that  the  coal  has,  for  by  far  the  most  part,  been 
formed  of  plants  growing  where  the  coal  now  lies,  although  some  local 
varieties  have  arisen  from  the  occasional  driftage  of  floating  timber  and 
herbage,  and  of  long-continued  maceration  of  vegetable  matter  in  lakes 
and  pools  elsewhere. 

Mr.  (afterwsirds  Sir)  W.  K  Logan,  having  for  several  years  worked  on 
the  geology  of  South  Wales,  in  1837  gav«  his  maps  and  indformation  to  the 
enthusiastic  promoter  of  the  Geologi^  Survey  of  the  British  Islands,  Mr. 
(afterwards  Sir)  H.  T.  De  la  Beche,  for  public  use  in  the  construction  of 
the  Survey  Map  and  in  developing  the  s^cture  of  the  country.  The  first 
volume  of  the  "  Memoirs  of  the  Geological  Survey,"  1846,  contains  at 

L145,  Sir  H.  T.  De  la  Beche's  acknowledgment  of  Sir  (then  Mr.)  W.  E. 
gan's  gift  of  the  valuable  results  of  his  investigations  in  the  Goal- 
measures  and  discovery  of  the  nature  and  meanme  of  the  frequent 
underclays,  an  account  of  which  Mr.  Logan  had  already  published  in  the 
"Annual  Report  of  the  Royal  Institution  of  South  Wales"  for  1839  ;  in 
the  "  Proceedings  of  the  Geological  Society  of  London,"  voL  iii  February, 
1840,  p.  276,  and  March,  1842,  p.  707,  eta,  and  "  Transactions  of  the 
Geological  Society,"  second  series,  voL  vL  1842,  p.  491,  etc. 

The  hypotheses  of  the  formation  of  coal  offered  by  earlier  writers  are 
carefully  reviewed  in  De  la  Beche's  elaborate  memoir ;  and  the  growth  of 
opinion  as  to  coal  having  been  made  by  plants  growing  in  place  is  traced 
from  De  Luc  (1793),  Lindley  and  Hutton  (1833  and  1835),  Adolphe 
Brongniart  (1838),  to  W.  E.  Logan,  by  whom,  indeed,  it  was  fully  established 
before  1837.  Opinions  as  to  the  nature  of  the  Stigmaria  ^coides^  so 
abundant  in  the  '  underclays,'  are  also  referred  to ;  and  that  it  is  really 
the  root  of  StgiUaria  is  accepted  on  the  good  authority  of  Brongniart  and 
Binney  (p.  150).  Dr.  Buckland's  summary  (in  his  Anniversary  Addresses 
to  the  Geological  Society  1840  and  1841) '  of  what  had  been  advanced  by 
British  geologists  in  the  elucidation  of  the  Coal-measures  and  their  natural 
history  comprised  mainlv  the  observations  made  by  Ansted,  Hawkshaw, 
Barber,  Beaumont,  J.  E.  Bowman,  and  particularly  W.  E.  Logan.  He 
stated  in  his  Address  of  1840  that  ^^some  of  the  vegetables  which  formed 
our  beds  of  coal  grew  on  the  identical  banks  of  sand  and  silt  and  mud 
which,  being  now  indurated  to  stone  and  shale,  form  the  strata  that 
accompany  the  coal ;  whilst  other  portions  of  these  plants  have  been 
drifted  to  various  distances  from  the  swamps,  savannahs,  and  forests  that 
gave  them  birth,  particularly  those  that  are  dispersed  through  the  sand- 
stones, or  mixed  with  fishes  m  the  shale  beds." 

Dr.  Buckland's  summary  in  1841  is  given  by  De  la  Beche'  "as  express- 
ing his  opinion  that  the  Stigmaria  jSoides  [which  was  at  that  time  still 
regarded  by  many  as  an  individual  floating  plant],  growing  in  ponds  or 
lagoons  in  the  localities  where  we  now  discover  its  remains,  by  mixture 
with  mud  or  silts  disseminated  among  them,  formed  the  underbeds,  upon 
which  also  grew  the  plants  which  now  form  the  coal-beds,  these  latter,  by 
subsidence  beinff  covered  by  sand  or  mud,  forming  sandstone  or  shale, 
between  the  coaf  strata,  successive  coal-beds  being  formed  as  the  necessary 
conditions  arose."  Sir  (then  Mr.)  C.  Lyell's  important  additions  to  the 
subject,  then  lately  given  in  his  "  Travels  in  North  America,"  two  vols., 
1846,  quoted  and  applied  by  De  la  Beche,  were  subsequently  enlarged  in 
his  **  Second  Visit,"  eta,  two  vols.,  1849,  and  in  his  "  Elements  of  Geology," 
edition  1851,  and  subsequently. 

1  Proceed.  Geol.  Soc.  vol.  iii.  pp.  229  and  487. 
'  Mem.  Geol.  dttirej,  vol.  i.  1846,  p.  162. 
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De  la  Beche's  Memoir,  alter  having  preseDted  some  explanation  of 
geological  phenomena,  and  treated  of  the  general  range  and  occurrence  of 
the  Silurian  and  Devonian  rocks  in  the  southern  moiety  of  Wales  and  the 
South-western  Counties  of  England,  proceeds  to  describe  the  Carboniferous 
strata,  and  at  p.  143  takes  up  the  Coal-measures ;  and  his  work  remains 
a  classic  authonty  on  the  subject  De  la  Beche's  account  of  these  strata 
has  not  been  much  modified,  except  bv  the  descriptions  of  many  additional 
fossils,  and  details  about  the  special  characters  of  those  then  known. 

Other  information,  however,  on  the  past  and  present  conditions  of  the 
South- West  Coal-field  is  found  in  Mr.  (now  Sir)  A.  C.  Ramsay's  paper 
"  On  the  Denudation  of  South  Wales  and  the  adjacent  English  Counties,'' 
in  the  same  volume  of  the  ^*  Memoirs  of  the  Geological  Survey  "  ;  and  veiy 
much  has  been  added  by  local  observers,  as  shown  by  numerous  papers  on 
this  coal-field  and  its  constituents  in  the  Beports,  Proceedings,  and  Trans- 
actions of  the  Scientific  Societies  of  South  Wales. 

3.  Origin  of  Coal. — Coal  is  now  generally  accepted  as  being  a  compressed 
and  chemically  altered  mass  of  ancient  v^etables.  The  tissue  of  some  of 
the  trees  and  other  plants  may  be  detected  in  the  substance  more  or  less 
distinctiy  by  fracture,  bv  burning,  and  in  thin  sections.  In  some  cases 
trees  occur  rooted  in  the  attitude  of  growth,  their  stems  rising  upwards 
and  their  roots  remaining  in  or  below  the  coal  The  accumulation  of  coal 
as  seams  of  varying  thicknesses,  in  very  numerous  parallel  beds,  can  be 
explained  bv  the  gradual  and  long-continued  subsidences  of  long  and  wide 
tracts  of  old  maivinal  sea-beds,  estuaries,  and  lagoons,  with  adjoining 
lands,^  all  more  or  less  invested  with  vegetation.  At  the  same  time  limited, 
isolated,  and  lenticular  patches  and  nests  of  pure  coal,  usually  in  sand- 
stone, have  been  probably  due  to  floating  masses  of  vegetation,  matted 
plants  and  trees,  becommg  waterlogged  and  sinking  in  estuaries  and 
shallow  seas. 

Some  highlv  bituminous  coal,  like  cannel  and  torbanite,  may  have  been 
due  to  limited  accumulations  of  macerated  plants  rotting  in  water ;  or  to 
the  bursting  of  those  natural  reservoirs,  like  peat-bpgs,  and  a  local  arrange- 
ment of  the  resulting  flow  of  Carbonaceous  mud. 

Mr.  W.  Galloway,  m  his  memoir  "  On  the  Mode  of  Occurrence  of  Coal,"  • 
carefully  places  before  his  readers  the  two  sets  of  opinions  about  the  origin 
and  formation  of  coaL  First,  as  to  the  place  of  growth  and  of  carbonization 
being  on  the  same  ground,  following  De  la  Beche's  statements  and  con- 
clusions ;  and,  secondly,  as  to  the  accumulation  of  vegetable  matter,  some 
dead  and  broken,  some  already  decomposed,  derived  from  the  forests  and 
herbage  of  marshy  lands,  and  deposited  in  great  lakes  (as  expressed  by 
C.  Grand'Eury  in  the  "  Annales  des  Mines,"  1882),  with  the  Stigmarice 
living  and  dying  as  water-plants  (as  they  were  at  first  regarded,  and 
thought  to  have  been  formed  of  a  central  body  and  long-spr^ing  arms 
and  leaves) ;  while  tall  trees  grew  here  and  there  on  the  water-side,  imtil, 
falling  down,  they  lay  prostrate  in  the  black  mud ;  or,  breaking  ofi^  left 
their  rotting  stumps  still  standing  upright. 

Mr.  Galloway  accepts  the  latter  opinion  to  some  extent,  because  he  finds 
the  roots  in  underclays  to  have  no  direct  communication  with  the  coals 
above  them, — on  account  of  the  presence  of  persistent  shaly  lavers,  or, 
'partings,'  traversing  coal-beds,  and  very  intimately  passine  into  the  coaly 
matter  itself, — on  account  of  a  seam  being  cannel-coal,  blackband-ironstoue, 
and  shale  in  difierent  parts  of  its  extent,  with  a  coal  lying  on  it  without 
an  intervening  underclay  ;  and  if  this  shows  that  a  coal  can  have  been 
formed  without  an  underclay,  he  ai^es  that  any  imderclay  need  not  have 

1  The  Coalfields  of  Grent  Britain,  4th  edit.  p.  81,  etc. 

'  Report  and  Transactions  of  the  Cardiff  NataraUsts*  Society,  vol.  xvii.  (for  1885), 
1886,  pp.  20-34. 
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been  necessarily  the  soil  of  a  coal-seam.  He  acknowledges  the  subject  to 
be  one  of  difficultj  ;  and  it  seems  to  me  that  some  at  least,  if  not  all,  of 
the  difficulties  have  been  already  removed  by  De  la  Beche,  Lesley,  Lyell, 
Dawson,  and  other  observers. 

4.  Area  of  the  Coal-growth, — For  knowledge  of  what  ruled  the  local 
occurrence  of  coal,  we  owe  a  great  debt  to  Mr.  R.  A.  C.  Godwin- Austen, 
who  had  studied  the  geology  of  the  South-western  Counties  with 
De  la  Beche.  To  him  we  are  indebted  for  the  approximate  demarcation 
of  the  bounds  and  margins  of  the  Carboniferous  Formations,  particularly 
for  the  probable  land-hmits  and  outward  extension  of  the  Coal-measures. 
In  his  valuable  memoir  "  On  the  possible  Extension  of  the  Coal-measures,"  * 
he  explained  the  reasons  for  his  indicating  on  the  map  then  communicated 
to  the  Geological  Society  the  physical  configuration  of  North-western 
Europe  at  the  close  of  the  Palaeozoic  period,  and  the  outline  of  the  surfaces 
whicn  supported  the  coal-vegetation.  He  concluded  to  define  the  place 
and  range  of  this  old  coal-erowth  of  what  is  now  Western  Europe  as — 

**  An  internal  sea,  around  and  occasionally  over  large  parts  of  which  the 
peculiar  vegetation  of  the  time  was  developed  and  entombed  as  the  area 
rose  and  sank.  A  region  with  a  central  depressed  area,  such  as  Australia 
is  supposed  to  present,  and  going  down,  by  means  of  a  long  series  of 
oscillations,  would  ultimately  present  just  such  an  assemblage  of  deposits 
as  our  own  Carboniferous  group  "  (p.  73). 

A  further  reference  to  this  land  of  level  or  hollow  region  is  as  follows: — 

'*  The  large  level  tracts  which  lie  west  of  the  Blue  Mountains  in  Australia, 
into  which  the  Lachlan,  the  Darling,  and  the  Murrumbidgee,  discharge." 
(Godwin- Austen's  Lecture,  Royal  Institution  of  Great  Britain,  April  16, 
1858.) 

Such  an  area  had  also  been  indicated  in  Sir  H.  De  la  Beche's  note  to  p. 
296  of  his  memoir  above  mentioned,  where  he  refers  to  *  the  great  area 
extending  from  the  county  drained  bv  the  Volga,  eastward  through  eighty 
degrees  of  longitude  into  China,  and  from  which  the  waters  find  no  courbo 
outwards  to  the  main  ocean  or  to  the  seas  connected  with  it.'  With  a 
gradual  depression — with  the  detritus  swept  in  by  the  rivers — and  with  a 
suitable  flora  and  climate,  there  might  here  be  both  accumulations  of 
vegetable  matter  grown  in  place,  as  well  as  limited  deposits  of  drifted 
plants,  under  diflferent  conditions.  De  la  Beche  moreover,  referred  (p.  146) 
to  the  long  flat  coast  of  the  eastern  seaboard  of  South  America,  with  its 
great  rivers  and  abundant  flora,  as  being  analogous  to  some  parts,  at  least, 
of  the  areas  on  which  the  coal-seams  were  formed. 

The  area  of  coal-growth  in  this  North-west  European  region  is  repre- 
sented on  Mr.  R.  A.  C.  Godwin- Austen's  map*  as  a  littoral  belt  (varying 
in  width  as  now  exposed  at  the  surface),  reaching,  in  an  approximately 
semicircular  or  bay-like  shape,  from  the  Elbe  near  Magdeburg,  and 
north  of  the  Hartz,  westward  to  the  valley  of  the  Ruhr,  including  a 
southern  extension  to  Marburg  :  and,  taken  up  again,  it  passes  from  Ruhr 
to  Aix-la-Chapelle,  and  to  Namur  and  Charleroi ;  then  by  the  Franco- 
Belgian  coal-field  to  Calais,  and  beneath  the  valley  of  the  Thames  to 
Bristol,  Forest  of  Dean,  and  South  Wales,  south  of  the  Old  Red  area, 
towards  Ireland.  On  the  eastern  side  of  Hereford,  and  along  the  east 
border  of  the  old  rocks  of  Wales,  the  range  of  the  coal-growth  is  shown 
by  the  coals  appearing  here  and  there  along  the  Severn  and  the  Dee ;  and 
doubtless  it  widened  out  considerably  eastward  across  what  is  now  England. 
Continuing  northward  it  occupied  Northumbria,  and  stretched  westward 
locally  between  the  old  Cumbrian  land  and  the  South  Highlands ;  passing 
around  the  east  end  of  the  latter,  it  was  strong  across  what  is  now  Central 

*  Quart.  Journ.  Geol.  Soc.,  vol.  xii.  1856,  pp.  38-73;  also  Report  Coal  Commission, 
1871,  pp.  424  and  511,  with  plates;  and  iiep.  Brit.  Assoc,  for  1879,  p.  227,  pi.  xiv. 
»  PI.  i.  aJ.O.S.,  vol.  xii.  1856. 
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Scotland,  with  indications  in  North  Ireland.  Thus  the  coal-growth  invested 
the  southern  and  western  edges  of  Gknlwin- Austen's  '  internal  sea '  above- 
mentioned,  and  extended  westward  by  two  outlets  :  one  at  its  south-west 
comer,  by  South  Wales  ;  and  the  other  on  the  north-west,  by  Central 
Scotland,  each  into  the  Irish  area,  and  thus  roughly  surrounding  the 
several  older  Pabeozoic  lands  of  Wales,  Ireland,  Cumbria,  and  South 
Scotland. 

In  Professor  Bamsay^s  account  of  the  denuded  remnants  of  the  Welsh 
coal-fields  ^  the  stretch  of  coal-growth  along  the  border  of  the  old  Cambrian 
land  is  clearly  indicated  in  his  statement,  that — 

''One  denuded  edge  of  these  accumulations  now  forms  part  of  the 
counties  of  Pembroke,  Caermarthen,  Glamorgan,  and  Monmouth,  and  is 
elsewhere  exhibited  in  the  Forest  of  Dean,  the  narrow  strips  of  Coal- 
measures  north  of  May  Hill  in  Gloucestershire,  the  Clee  Hills  (outliers  of 
the  Forest  of  Wvre  and  Coalbrookdale),  the  coal-fields  south  and  west  of 
Shrewsbury,  and  that  of  Oswestry,  Wrexham,  and  Mold.  All  these  are 
but  fragments  of  one  great  original  coal-field,  once  mantling  round  North 
Wales  and  the  older  rocks  west  of  the  Severn  and  north  of  Bristol 
Channel." 

Both  north  and  south,  however,  of  the  old  Cumbrian  area  are  a  few 
seemingly  isolated  patches  of  coal ;  but  the  Whitehaven  field  is  really  the 
western  portion  of  the  North-of-England  coal-growth  ;  the  coal  of  Anglesea 
belongs  to  the  westward  extension  of  the  Lancashire  field ;  and  that  of 
Ingleton  is  a  renmant  of  the  northern  part  of  the  latter  towards  the 
margin  of  the  old  Cumbrian  land. 

5.  Coal-field  of  South  W<de$:  its  extent^  tAicknesSy  and  constituent 
strata. — ^The  valuable  coal-field  of  South  Wales  (estimated  by  some  to 
occupy  640,000  acres,  and  stated  by  others  to  be  906  square  miles  in 
extent)  forms  an  irregular  oval  basin  or  trough  lying  £.  and  W.  (about  fifty- 
six  miles  long,  from  Pontypool  to  Caermarthen  Bay),  with  a  narrow 
extension  westward  beyond  Caermarthen  Bay,  through  Pembrokeshire  to 
St.  Bride*s  Bay  (about  seventeen  miles  long).  The  greatest  width  is  about 
sixteen  miles.  In  1881  there  were  662  collieries  at  work  (see  Hull,  1881). 
The  strata  of  the  whole  area  have  been  much  undulated  and  broken  ;  on 
the  south  they  dip  at  an  angle  of  46",  and  at  about  12*  on  the  north. 
Great  faults,  approximately  north  and  south,  alter  the  levels  from  forty  to 
a  hundred  fathoms ;  they  are  generally  filled  with  clay  ;  but  one,  neap 
Swansea,  many  fathoms  wide,  is  filled  with  fragments  of  the  broken  strata 
(Trimmer). 

A  strong  anticline  once  passed  along  the  middle  of  the  trough  (K  and 
W.),  with  its  complemental  synclines,  one  on  each  side.  These  have  been 
somewhat  shifted  (the  eastern  moiety  towards  the  S.W.,  and  the  other  to 
the  N.E.)  bv  a  great  ohMque  fault  coincident  with  the  valley  of  the  Neath. 
Except  at  Swansea  and  Caermarthen  Bays,  the  outcrops  of  the  lowest  part 
of  the  series  of  strata,  of  irregular  width,  are  continuous  around  the  coal- 
field. About  seven  unequal  patches  of  the  upper  measures  have  been 
preserved  from  denudation  in  the  syndines.  Two  of  these  areas  are  in  the 
eastern  moiety  ;  both  long,  but  the  southern  syncline  retains  only  a  narrow 
and  interrupted  series  of  patches.'  The  Ebbw,  the  Sirhowy,  the  Rhymney, 
and  the  upper  part  of  the  Afon  cross  the  former ;  the  Taff  and  tne 
Rhondda,  with  their  branches,  cross  both  synclines ;  and  the  Ely  and  Ogwa 
cross  the  lower  syncline.  The  respective  valleys  give  local  opportimities 
for  opening  certain  beds,  and  affora  facilities  for  roads  and  railways  from 
the  hiUs  to  the  sea-coast.  In  the  western  moiety  there  are  five  circum- 
scribed areas  of  the  upper  measures  in  the  two  synclines ;  the  united 
Amman  and  Llwchwr  River  runs  between  four  of  them,  and  the  Tawe 

*  Mam.  Geol.  Surr.  vol.  i.  1846,  p.  314. 

'  See  Hull's  *  The  Coalfields,*  etc.,  4th  edition,  pp.  88,  etc.,  and  map. 
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between  two  and  across  one  (just  north  of  Swansea).  The  favourable 
position  for  mining  some  of  the  measiures  is  due  to  the  local  angle  of  dip 
m  the  synclinal  strata ;  and,  indeed,  without  the  anticlinal  arrangement 
some  of  the  coals  could  never  have  been  reached  even  by  deep  mines.* 

Mr.  Etheridge  (in  his  new  edition  of  Phillips's  "Manual  of  Geology,'* 
1885,  p.  238)  mentions  that  in  the  southern  part  of  the  western  moiety 
the  Coal-measures  have  a  thickness  of  11,(KX)  feet ;  and  that  on  the 
northern  side  of  the  anticlinal  axis  there  thejr  are  7000  feet  thick,  and  that 
hear  Britton  Ferry,  in  the  middle,  they  diminish  to  4800  feet  on  that  sida 

Taking  the  whole  basin  or  trough,  it  may  be  roundly  said  that  in  the 
tiorth-east  side  the  coals  are  mainly  coking  or  partly  bitvminoiis ;  to  the 
West  and  north-west  they  are  anthracitic ;  and  in  the  south  bituminous  or 
gcueou8 ;  and  more  especially  that  "  in  the  Aberdare  area  the  coals  are  very 
free-burning,  but  at  the  same  time  smokeless  ;  hence  their  importance  for 
steam  purposes,  especially  the  Aberdare  four-foot  steam-coal."  ' 

The  physical  features  and  structural  condition  of  the  South- Welsh  coal- 
field, also  the  occurrence  of  fossils,  were  succinctly  treated  of  by  G.  P. 
Bevan  in  the  "  Geologist,"  vol.  iii.  1860,  pp.  90-99. 

The  order  and  thickness  of  the  strata  belonging  to  the  coal-field  of 
South  Wales  as  given  in  Geikie's  "  Textbook  of  Geology,"  2nd  edit,  1885, 
p.  742,  are  (for  Glamoiganshire)  :— 

Upper  series :  sandstones,  shales,  etc.,  with  26  coal-seams,  more  than    3400  feet. 

Pennant  grit :  hard,  thick-bedded  sandstones,  and  15  coal-seams      ...     3246   „ 

Lower  series  :  shales,  ironstones,  and  34  coal-seams        450  to   850    „ 

Millstone  grit. 

The  Coal-measures  are  thus  estimated  at  7496  feet,  or  nearly  H  mile 
in  thickness,  besides  the  Millstone-grit  and  the  Carboniferous  or  Mountain 
Limestone  occupying  a  still  lower  position. 

Differences  of  observation  or  of  opinion  from  time  to  time  have  caused 
different  estimates.  In  1865  Professor  J.  Phillips,  who  took  a  very  strong 
interest  in  the  geology  of  the  coal-fields,  published  the  following  measure- 
ments (in  his  "  Manual  of  Geology,"  1855,  p.  201)  as  representing  only  a 
general  view,  and  he  indicated  that  nearly  12,000  feet  thickness  may  occur 
near  Llanelly  : — 

Llanelly  series,  with  several  beds  of  coal      1000  feet. 

Penllergare  series  of  shales,  sandstone  and  beds  of  coal — 110  beds; 

26bedsofcoal 3000    „ 

Central  series  (Townhill  sandstones  of  Swansea  s  Pennant-grit  of  the 

Bristol  ooalfield)^62  beds ;  16  beds  of  coal        8246   „ 

Lower  shales,  coals,  and  ironstones  (Merthyr) — 266  beds ;  34  beds  of 

coal 812    „ 

8058 
Farewell  Rock  and  Gower  Shales,  aboye  the  Carboniferous  Limestone. 

Professor  Hull*  gives  about  1200  to  the  Coal-measures,  with  twenty- 
five  seeuns  of  coal  of  two  feet  thickness  and  upwards  ;  middng  a  total  of 
eighty-four  feet  of  workable  coal.  In  1881  Professor  Hull  calculated  that 
there  remained  about  32,166  millions  of  tons  of  available  coal,  which 
might  possibly  last  for  more  than  1000  years  at  the  present  rate  of 
consumption. 

Mr.  E.  Rogers,  in  the  "  Memoirs  of  the  Geol.  Survey  :  Iron-Ores,**  part  iii. 
1861,  p.  169,  divides  the  Coal-measures  of  South  Wales  into  an  Upper  and 
a  Lower  series,  with  the  hard  siliceous  sandstone  (locally  a  conglomerate), 
known  as  *Cockshute'  and  *  White  Rocks*  between  them.  The  upper 
measures,  he  says,  are  mostly  micaceous  sandstones,  locally  known  as 

1  Ibid,  chap.  1.  >  Etheridge,  1885.  p.  238. 

>  *'  The  Coalfields,*'  etc.,  1881,  p.  108. 
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'  Pennant  Rocks.*  The  lower  series  is  sometimes  termed  the  '  iron-bearing 
measures,^  as  it  contains  the  bulk  of  the  ironstone  as  well  as  coal,  which 
is  bituminous  on  the  east  and  gradually  less  and  less  bituminous  westward, 
until  after  passing  the  great  dyke  or  fault  in  the  Vale  of  Neath  it  becomes 
anthracite.  The  upper  series  contains  few  iron-ores,  and  the  coal  is 
bituminous,  even  when  anthracite  exists  below  it|  as  in  the  Swansea 
district  and  elsewhere. 

In  his  communication  to  the  British  Association  in  1837,*  Sir  W.  E. 
Logan  stated  that  *Uhe  non-bituminous  coal,  or  stone-coal,  is  found  on 
the  north  side  and  at  the  west  end  ;  the  bituminous  coal  on  the  south  side 
and  east  end ;  and  that  there  is  an  intermediate  region  occupied  by  an 
intermediate  quahty."  These  conditions  of  the  coal-seams  indicated  to 
Logan  "  the  possibility  of  a  rule  in  the  change  of  quality — namely,  that 
it  occurs  in  peirallel  p^lanes,  cutting  the  seams  of  coal  without  r^ard  to 
their  strike  or  inclination,  and  dippmg  to  the  south  or  east  of  south." 

These  coals  b^n  to  became  anthracitic  at  Rhymney  ;  and  the  change 
becomes  gradually  more  and  more  marked  as  we  pass  by  Dowlais,  Cyfartha, 
Hirwain,  Onlwyn,  and  Neath  Valley,  to  the  Swansea  Valley,*  according  to 
analysis  given  by  Mr.  David  Mushet  in  the  Appendix  to  his  "  Papers  on 
Iron  and  Steel,"  dvo.  London,  1840.  At  page  68  of  this  book  Mr.  Mushet 
notes  that  *Mn  South  Wales  as  the  coals  approach  the  anthracite  district 
they  are  found  to  contain  90  per'  cent  (of  carbon),  with  no  more  flame 
than  is  necessary  to  convert  the  coal  into  coke." 

Mr.  Etheridge  (1885)  accepts  (p.  238)  Professor  Phillips's  foregoing  table ; 
but  he  also  arranges  the  coal-beiaring  portions  as  divisible  into—l.  Upper 
Pennant  series ;  2.  Lower  Pennant  series ;  3.  "Wliite-ash  series ;  and  gives 
the  following  plan  in  addition  : — 

1 .  Upper  or  Penllergare  series,  more  than       3400  feet. 

2.  Pennant-grit  (Swansea)       3246    „ 

3.  Lower  Coal-meaaores   460  to  860    „ 

At  p.  219  he  reviews  the  whole  of  the  series  as — 

Goal-measnres 11,000  feet. 

MilUtone-grit  (* Farewell  Rock') 300   „ 

Yoredaie  Rocks  ('  Gower  Shale ')    1,600  ?  „ 

Scar  Limestone 1,900  „ 

Lower  Limestone  Shales 400  „ 

16,200 

the  Coal-measures  more  than  1^  mile  thick,  and  the  whole  series 
2^  miles. 

{To  he  continued  in  our  next  Number,) 


11. — Report  of  the  Committee,  consisting  of  Dr.  John  Evans 
(Chairman),  Mr.  B.  Harrison  (Secretary),  and  Professors  J. 
Prestwioh  and  H.  G.  Seeley,  appointed  to  carry  on  excavations 
at  Oldbury  Hill,  near  Ightham,  in  order  to  ascertain  the  existence 
or  otherwise  of  Bock-shelters  at  this  spot  Drawn  up  by  Mr. 
6.  Habbison. 

OWING  to  hindrances,  the  work  could  not  be  begun  until  August, 
1890.  The  iirst  excavation,  immediately  below  the  exposed 
rocks,  was  unproductive  in  a  great  measure.  This  was  owing  to 
huge  trees  being  close  by,  the  roots  of  which,  forming  a  perfect 
network,  offered  serious  obstacles,  as,  though  permission  had  been 

>  "  Report,"  1838,  Trans.  Sec.  p.  86. 

«  Be?an,  **  Geologist,'*  toI.  ii  1869,  pp.  78,  79. 
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granted  by  tbe  owner  to  excavate,  yet  damage  to  the  trees  was 
strictly  forbidden. 

A  section  was  first  cut  parallel  with  tbe  face  of  tbe  rock,  but  no 
true  floor  was  reacbed,  tbe  rock  itself  being  too  near  tbe  surface, 
and  forming  merely  a  sboulder  under  tbe  surface  soil. 

Many  days  at  tbis  being  unsuccessful,  auotber  excavation  was 
made  on  tbe  slope  of  tbe  bill  just  below,  and  a  considerable  area 
was  trencbed  to  a  deptb  of  about  3  feet. 

Here,  bowever,  only'Neolitbic  flakes  were  fonnd  ;  and  great 
blocks,  fallen  from  above,  and  deeply  embedded  in  tbe  soil, 
presented  obstacles  not  easy  to  surmount  Later  on  work  was 
commenced  lower  down  still,  at  a  spot  wbere,  in  cultivating  tbe 
ground  in  former  years,  relics  of  Palsdolitbic  age  bad  been  found. 

Two  implements  were  secured,  but  tbe  rocky  conditions  tried  my 
labourers'  strength  ;  and  to  do  tbe  work  tborougbly  horse-power 
was  needed,  tbe  blocks  in  many  instances  weighing  more  than  half 
a  ton.  A  good  large  area,  bowever,  was  here  trenched  to  a  deptb 
varying  from  8  to  5  feet. 

Tbe  slope  of  the  bold  projecting  spur  below  Mount  Pleasant, 
lying  about  fifty  yards  south-east  of  the  former  digging,  was  next 
tried,  and  here  success  crowned  our  efforts,  for  very  soon  immense 
numbers  of  flakes  were  met  with,  and  in  such  profusion  that  I  was 
prompted  to  carry  on  the  work  thoroughly. 

Leave  was  asked  for  and  granted  for  an  area  of  some  9  or  10  rods 
to  be  worked  over,  and  ere  long  finely  fashioned  characteristic 
Palaeolithic  implements  were  found  daily,  as  well  as  flakes,  some  of 
these  so  minute  that  it  seemed  as  if  tbe  actual  workshop  bad  been 
lighted  on.  Altogether  49  well-finished  implements,  or  portions  of 
them,  and  648  waste  flakes,  have  been  found  at  this  spot,  leading 
to  the  supposition  either  that  this  was  tbe  frontage  of  a  rock-shelter, 
or  that  the  material  had  slipped  down  from  above.  We  think  that 
it  would  be  highly  desirable  to  make  further  excavations  in  tbis 
and  the  adjacent  area. 

The  great  portion  of  these  flakes  were  found  at  depths  varying 
from  2J  to  3  feet ;  and,  as  a  rule,  they  lay  at  the  base,  and  im- 
mediately overlying  a  gravelly  wash,  llie  implements  are  very 
similar  to  some  of  those  found  in  the  rock-shelters  of  Central  France. 

Similar  conditions  to  those  of  this  spur  appear  on  the  north-west 
side  of  Oldbury  Hill,  near  to  an  outcrop  of  rock ;  and  at  various 
times  implements  have  been  found  near  by. 

Leave  has  been  granted  for  work  to  be  carried  on  here. 


III. — Report  op  the  Committee,  consisting  of  Mr.  J.  W.  Davis 
(Chairman),  Rev.  E.  Jones  (Secretary),  Drs.  J.  Evans  and 
J.  G.  G ARSON,  and  Messrs.  W.  Pbngelly,  R.  H.  Tiddeman,  and 
J.  J.  Wilkinson,  to  complete  the  Investigation  of  the  Cave  at 
Elbolton,  near  Skipton,  in  order  to  ascertain  whether  Remains 
of  PalsBolitbic  Man  occur  in  the  Lower  Cave  Earth. 

THE  Elbolton  Cave  Exploration  was  continued  under  the  direction 
of  your  Committee  until  the  end  of  December,  1890.     The 
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entrance  to  the  cave  is  through  a  shaft  or  pot-hole  20  feet  in  depth 
situated  at  the  foot  of  a  small  limestone  scar  on  Elbolton,  1000  fe^t 
ahove  sea-level.  The  chamher,  before  the  exploration  commenoed, 
was  30  feet  long,  and  varied  from  7  to  13  feet  in  width.  The  floor 
was  fairly  level,  with  the  exception  of  a  heap  of  stones  under  the 
entrance.  On  the  surface  nothing  was  observed  but  a  few  sheep 
bones  of  recent  origin.  The  upper  stratum,  which  varied  in  thick- 
ness from  4  feet  at  the  east  to  17  feet  at  the  west  end  of  the 
chamber,  is  the  only  one  wherein  human  remains  have  yet  been 
found.  It  consisted  of  loose  angular  fragments  of  limestone  inter- 
spersed with  large  quantities  of  bones  of  the  Celtic  Shorthorn,  the 
Horse,  the  Boar,  Dog,  Red  Deer,  Sheep,  eta  The  bones  of  the 
larger  animals  were  split  and  broken,  and  were  evidently  used  as 
food.  Burnt  bones  and  charcoal  were  found  in  three  places.  Three 
human  skeletons  were  discovered  buried  with  the  legs  bent  and  the 
knees  close  to  the  skulL  The  other  human  bones  were  more  or  less 
scattered.  Most  of  the  skulls  were  shattered,  though  two,  obtained 
from  the  east  end,  are  fairly  preserved,  and  are  good  typical  speci- 
mens of  the  long  head  type.  But  the  human  remains  obtained  from 
the  other  end  of  the  chamber  and  at  a  much  lower  level,  13  and  15 
feet  below  the  floor  (one  lying  but  a  few  inches  above  the  clay 
containing  the  bones  of  the  Bear  and  Reindeer),  are  not  dolichoce- 
phalic but  brachycephalia  The  latter  are  more  decayed  than  the 
others.  Associated  with  the  round  head  was  pottery  of  different 
character  to  that  which  was  found  in  other  parts  of  the  cave*  It  ia 
thicker,  ruder,  and  with  a  different  ornamentation.  The  pottery 
found  near  the  long-headed  men  was  marked  with  straight  lines, 
in  some  cases  cutting  one  another  and  forming  a  diamond -shaped 
ornamentation,  in  others  going  in  and  out  without  intersecting, 
forming  a  'herring-bone'  pattern.  Others  had  impressions  made 
by  some  rounded  bone  tool.  But  the  pottery  found  near  the  remains 
of  the  round  head  is  ornamented  with  wedged-shaped  charactera 
made  with  an  angular  tool.  Both  kinds  of  pottery  were  made 
from  clay  similar  to  that  found  in  the  cave,  and  both  kinds  were 
hand -fashioned  without  wheel,  and  charred  and  burned  from  the 
inside.  No  flints  or  metal  of  any  kind  have  been  found  in  the  cave. 
The  only  objects  obtained  have  been  bone  pins  and  a  few  other 
worked  bones. 

From  the  position  where  this  brachycephalic  skall  was  found,  and 
from  the  ruder  kind  of  pottery  associated  with  it,  it  would  appear 
that  in  Craven  a  round-headed  race  preceded  the  long-headed  one. 

Nearly  all  of  the  upper  stratum  containing  human  remains  had 
been  cleared  away  before  August  last,  and  the  next  layer  had  been 
worked  for  some  distance,  especially  in  the  second  shaft  at  the  west 
end  of  the  chamber.  So  far  this  lower  stratum  was  composed  of  stiff 
clay,  with  angular  fragments  of  limestone,  and  at  times  a  thin  bed 
of  stalagmite.  No  human  remains  nor  any  of  the  animals  associated 
with  them  have  been  found.  These  are  replaced  mainly  by  Bears, 
both  Ursus  ferox  and  Ursus  arctos,  and  great  numbers  of  Alpine 
Hares  and  Foxes.    The  bones  in  this  layer  show  no  evidence  of 
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having  been  gnawed  by  other  animals ;  they  either  perished  in  the 
fissure  or  their  bones  were  washed  down  through  pot-holes  into  the 
cave.  The  bones  from  the  lower  layer  are  darker,  mach  harder, 
and  leas  porous  than  those  from  the  upper  one. 

After  the  meeting  of  the  Association  at  Leeds  the  efforts  of  your 
Committee  were  first  directed  to  the  careful  examination  of  the 
lower  clay  bed  in  the  centre  of  the  chamber.  A  pot-hole,  about 
10  feet  deep  and  8  feet  in  width,  was  cleared  out  This  contained 
a  few  of  the  limb  bones  of  a  Bear.  A  great  part  of  the  rock  floor  at 
the  foot  of  the  first  ladder  was  blasted.  It  consisted  apparently  of 
a  quantity  of  rock  fallen  from  the  roof  and  cemented  by  stalagmite. 
We  were  hopeful  that  underneath  it  we  should  find  an  old  deposit 
So'  far,  however,  it  is  solid.  Further  west  the  excavation  was  con- 
tinued, the  difficulty  of  working  in  the  soft  adhesive  day  increasing. 
The  percentage  of  bones  was  small,  and  in  the  next  six  feet  not 
a  single  bone  was  found.  I'he  cave  has  now  developed  into  a  deep 
fissure,  and  is  from  4  to  6  feet  in  width  at  a  depth  of  about  45  feet 
from  the  original  level  of  the  cave  floor.  The  attention  of  your 
Committee  was  next  directed  to  find  any  possible  entrance  to  the 
cave  in  addition  to  the  present  one :  the  floor  was  tested  along  the 
sides  of  the  cave  east  of  the  first  ladder,  but  the  miners  report  that 
there  the  ground  was  all  solid  rock. 

Between  the  barren  clay  section  and  the  second  ladder  there  is  a 
quantity  of  unexplored  material.  Huge  blocks  of  fallen  rock  are 
wedged  in  the  fissure,  and  it  was  found  unsafe  to  remove  them  as 
they  underpin  an  immense  overhanging  side  of  the  cave  60  feet 
in  height.  The  second  ladder  was  then  descended,  and  a  level 
driven  beneath  the  fallen  blocks  at  a  depth  of  45  feet  from  the 
^rst  floor.  For  the  first  6  feet  this  level  was  as  ossiferous  as  any 
of  the  material  yet  examined,  and  of  similar  character,  containing 
bones  of  the  Bear  and  Hare.  Beneath  was  a  barren  clay,  followed 
by  beds  of  sharp  quartz  sand,  until  the  level  is  barred  by  solid  rock. 
In  the  descent  two  or  three  stalagmitic  floors  were  pieroed,  but  the 
material  continued  the  same  above  and  below  the  stalagmite.  The 
new  chambers  that  were  opened  last  year  are  extensions  of  this 
fissure.  The  miners  have  put  a  steel  rod  8  feet  lower  than  present 
level,  forcing  it  through  another  stalagmitic  floor.  While  the  east 
part  of  this  level  is  sand,  containing  no  bones,  the  western  part  and 
the  passage  up  to  the  new  chamber  is  a  breciated  mass  of  bones  and 
stalagmite. 

At  the  further  extremity  of  the  new  chambers,  and  about  60  yards 
from  foot  of  second  ladder,  there  was  a  deep  pool  into  which  the 
roof  dipped.  In  the  floor  of  the  passage  leading  to  the  pool  a  hole 
8  feet  deep  was  dng.  The  material  was  comminuted  limestone. 
Here  also  bones  of  young  Bears  were  found.  They  had  evidently 
been  washed  down  from  the  first  chamber.  By  means  of  this  ex- 
cavation the  pond  was  lowered  4  or  5  feet  A  ladder  was  placed 
across  it,  and  an  entrance  effected  into  a  further  passage  leading  to 
a  large  natural  chamber. 

So  far  the  cave  has  been  interesting.     What  may  be  entombed  in 
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the  unexplored  depths  of  the  fissnre  is  a  matter  of  pure  conjecture. 
Whether  a  repetition  of  the  finds  in  the  fissure  at  Ray  Gill,  and  in 
the  lower  cave  earth  of  the  Victoria  Cave,  with  the  addition  of 
Palaeolithic  man,  must  be  left  for  future  exploration  to  determine. 

Your  Committee  request  reappointment,  and  that  a  grant  of  £25 
be  made  to  assist  in  the  further  exploration  of  the  oave. 


coi&ie.Esi»oisrx)Eisros- 


NOTES  ox  CONISTON  FLAGS. 

Snt, — May  I  be  allowed  to  point  out  that  in  my  "  Note  on  the 
Coniston  Flags  "  in  your  last  issue,  the  printer  makes  it  appear  that 
in  microsoopio  work  I  made  use  of  sections  rather  larger  than  are 
usually  employed.  Speaking  of  the  garnets  (p.  460),  he  makes  me 
say  that  this  mineral  appears  and  disappears  "  within  a  few  yards 
along  the  slide  and  a  few  feet  across  it" 

Messrs.  Yoigt  and  Hochgesang,  who  make  my  sections  for  me, 
have  very  great  skill  in  our  work,  but  I  do  not  think  they  could 
quite  make  slides  of  the  size  here  indicated  1  What  I  wrote  was 
Btrike,  where  the  printer  has  put  slide.     W.  Matnabd  Hutohinos. 

Kbwca8tlb-ok-Ttnb,  Oct.  7,  1891. 


CONCRETIONS  IN  MAGNESIAN  LIMESTONE. 

Sm, — Has  not  Mr.  Garwood  omitted  to  consider  a  third  possible 
method  of  origin  for  these  and  similar  concretions?  Infiltration  and 
Segregation  are  not  the  only  ways  in  which  concretions  are  formed. 
Why  should  not  the  carbonate  of  lime  have  been  obtained  from  th^ 
water  above,  while  that  particular  bed  was  being  deposited  ?  It  is 
not  necessary  to  suppose  that  the  carbonate  of  lime  must  have  been 
deposited  in  the  bed  and  then  segregated ;  it  is  surely  more  likely 
that  it  was  in  solution  in  the  water  above,  and  was  precipitated  by 
chemical  action.  The  ammonia  or  aramoniacal  compounds  evolved 
from  decaying  organic  matter  might  be  the  initial  cause. 

A.  J.  JuKKS  Bbowkb. 


OBITT7-A.I^ir, 


With  deep  regret  we  record  the  following  deaths  : — 

Charles  Smith  Wilkinson,  F.G.S.,  F.L.S.,  V.P.L.S.,  N.S.W.,  the 
Grovemment  Geologist  for  New  South  Wales,  who  died  at  Sydnej 
on  2drd  August,  1891,  aged  47  years. 

Philip  Hbrbert  Carpenter,  D.Sc.  (Camb.),  F.R.8.,  FL.S., 
Science-Master  of  Eton  College,  who  died  on  2l8t  October,  1891, 
aged  39  years. 

We  hope  to  publish  a  fuller  notice  of  these  eminent  geologists 
and  palaeontologists  next  month. 
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Olenellus  Callavei,  Lapworth, 
from  the  Comley,  or  Hollybush  Sandstone,  of  Shropshire. 
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Olenellus  Callavei^  Lapworth, 

Comley,  or  Hollybush  Sandstone  of  Shropshire. 

Theoretical  restoration,  natural  size. 
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I. — On  Olbnbllus  Callavbi  and  its  Gbologicai.  Bblationships. 

By  Pbof.  Charles  Lafwo&th,  FiR.S, 

(PLATES  XIV.  AND  XV.) 

IN  tbe  year  1888  I  published  a  short  paper  in  the  pages  of  the 
Gkologigal  Magazine^  and  in  "Nature,"*  in  which  I  gave 
a  brief  account  of  the  discovery  of  the  fauna  of  the  OleneUus  (or 
Lower  Cambrian)  zone  in  the  Comley  or  Hollybush  Sandstone  of 
Shropshire.  Since  that  date  great  Advances  -have  been  made  in  our 
knowledge  of  the  Olenellua  fauna  of  other  areas,  and  the  OleneUus 
zone  has  now  generally  attained  an  established  rank  and  systematic 
position  in  the  Geological  Record  as  the  basal  zone  of  the  Cambrian 
system. 

At  the  time  my  paper  was  written  sufficient  material  had  been 
obtained  to  enable  me  to  recognize  the  existence  of  a  well-marked 
species  {01.  Callavei)  of  the  genus  OleneUus  in  the  Comley  Sand- 
stone series.  But  the  form  appeared  to  be  so  closely  allied  to  the 
OleneUus  BrOggeri,  which  had  been  discovered  by  Mr.  Walcott, — 
the  distinguished  palaeontologist  of  the  United  States  Geological 
Survey — in  the  basement  beds  of  the  Cambrian  of  Newfoundland, 
and  exhibited  and  named  by  him  at  the  meeting  of  the  Geological 
Congress  in  London  in  1888,  that,  as  I  explained  in  the  paper 
referred  to,  1  felt  that  it  was  but  just  that  I  should  await  the 
appearance  of  the  formal  description  of  his  species  before  publishing 
my  own. 

Thanks  to  the  kindness  of  Mr.  Walcott,  his  brilliant  and  long- 
expected  Monograph  **  On  the  Fauna  of  the  OleneUus  Zone  "  '  now 
lies  before  me,  in  which  OleneUus  Brdggeri  is  admirably  figured 
and  described ;  and  although  it  includes  a  comparative  diagnosis  of 
OleneUus  CaUavei,  sufficient  for  registration  and  identification,  I  take 
this  my  first  possible  opportunity  of  figunng  and  desciibing  in  full 
our  Shropshire  form,  that  the  want  of  acquaintance^ with  its  minor 
specific  characters  may  not  delay  those  who^jsray  be  desirous  of 


se  yfho^^foky 
us^S^  else^ 


publishing  new  species  from  the  OleneUus^m^  elsewhere. 

^  Lap  worth,  '*  On  the  Discovery  of  the  Ohti^Uus  Fauna  in  the  Lower  CambriaQ 
Rocks  of  Britain/*  Grolooical  MaoazikbHSSS,  Dec.  IIL  Vol.  V.  p.  485. 
»  •*  Nature,"  toI,  xxix.  p.  213.        / 
9  See  next  page. 
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The  fragments  figured  on  Plate  XIY.  are  those  which  were 
exhibited  by  myself  at  the  meeting  of  the  G«ologioal  Congress  at 
London  in  1888,  supplemented  by  a  few  others  which  were  at  the 
time  in  my  possession.  Hie  majority  were  collected  by  Mr.  H. 
Keeping  (acting  under  my  instructions  with  the  kindly  consent  of 
Prof.  T.  McKenny  Hughes,  F.R.S.)  during  the  previous  years,  and 
are  the  property  of  the  Woodwardian  Museum,  Cambridge. 

The  restoration  attempted  on  Plate  XV.  is  founded  essentially 
upon  these  fragments;  so  that  palaoontologists  will  be  able  to 
judge  for  themselves  in  what  respects  that  restoration  is  justified 
or  defective. 

Olbnellus  (Holmia)  Callaybi,  Lapw. 

Plate  XIV.  Figs.  1-25.        Plate  XV.  Fig.  26. 

1888.    Olenelius  CaUavei^  Lap  worth,  Gbological  Maoazimb,  Dec.  III.  Vol.  Y. 
p.  485. 

1888.  Ibid,  Lapworth,  "  Nature,"  vol.  xxix.  p.  213. 

1889.  OlemllM  Caliavei,  Walcott,  American  Journal  of  Science,  vol.  xxxni.  p.  391. 
1891.     0/eneiius  {ffolmia)   Callavei  (Lapw.),  Walcott,  **  Fauna  of  the  Olemllus 

Zone,*'  10th  Report  Geol.  Surrey,  U.S.A.,  pp.  640-641,  p.  681,  etc. 

Description. — General  form  ovate-elliptical,  about  one  and  a  half 
times  longer  than  broad.  Head  broad,  semi-circular  to  semi- elliptical 
in  outline  and  moderately  convex.  Margin  edged  exteriorly  by  a 
broad  conspicuous  rounded  rim  or  fiange,  and  limited  interiorly  by 
a  faint  parallel  angular  ridge.  Posteriorly  the  margin  is  broadened 
and  prolonged  in  a  strong  rounded  spine.  The  under  side  of  the 
proximal  margin  forms  a  broad  rounded  doublure.  The  posterior 
margin  of  the  head  bears  two  short,  stiflf,  spur-like  "  interocular " 
spines,  which  are  directed  backward  and  outward,  and  are  continued 
interiorly  by  a  faint  ridge  which  appears  to  be  prolonged  almost  to 
the  crest  of  the  glabella  in  advance  of  the  occipital  furrow. 

Glabella  broadly  convex  in  elevation,  and  sub-clavate  in  outline ; 
attaining  its  greatest  width  near  the  anterior  extremity  of  the  eye- 
lobe,  and  having  a  sharply  rounded  to  sub- triangular  frontal  edge. 
It  is  furnished  with  three  pairs  of  glabellar  furrows  (with  traces  of 
a  fourth  anterior  pair).  They  occur  as  shallow  and  broad  double 
depressions,  deepest  midway  between  the  axis  and  the  lateral 
margins,  and  almost  disappearing  as  they  cross  the  central  parts 
of  the  glabella.  Occipital  furrow  of  the  same  type  as  the  rest ;  but 
broader  and  deeper,  and  limited  in  part  anteriorly  by  a  slight  bat 
conspicuous  ridge  (the  proximal  extension  of  the  "  interocular " 
process?).  Occipital  i*ing  flat  and  narrow  laterally;  rising  posteriorly 
to  a  strong  marginal  rim,  and  rapidly  increasing  in  width  and  height 
to  its  centre,  where  it  insensibly  graduates  into  a  stout  claw-like 
spine,  which  arches  backward  over  the  first  two  (?)  segments  of 
the  thorax. 

Eye-lobes  prominent,  elongate,  narrow,  lunate  to  semi-circular, 
situated  sub-centi*ally  with  respect  to  the  height  of  the  glabella ; 
arching  outward  from  the  base  of  the  anterior  lobe  to  a  distance 
equal  to  half  the  width  of  the  glabella,  and  backwards  almost  to 
a  line  with  the  occipital  farrow.     Visual  surface  unknown.    Area 
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between  glabella  and  eye-lobe  flat,  and  separated  from  the  glabella 
by  an  irregular  undulating  groove.  Frontal  limb  narrow.  Surface 
of  free  cheek  slightly  convex,  sloping  inwards  to  the  eye-lobe,  and 
outwards  to  the  groove  bounding  the  lateral  margin.  Thorax  with 
18  (?)  segments.  Axial  lobe  elevated;  prominently  rounded  and 
narrowing  throughout.  Each  axial  segment  is  well  defined.  It  is 
thickened  posteriorly  and  laterally  grooved ;  and  it  bears  centrally 
a  short  «nd  stout  recurred  claw-like  spine,  with  a  spreading  base, 
and  a  sharp  ridge-like  upper  surface.  The  terminal  segments  bear 
in  addition  two  lateral  rudimentary  spurs,  while  the  central  spine  is 
much  reduced  in  size.  Pleural  lobes,  flattened  for  the  flrst  half  to 
two-thirds  of  their  length ;  and  then  gracefully  curving  and  con- 
tracting to  the  recurved  falcate  extremity.  The  proximal  surface  of 
each  is  relieved  by  an  oblique  pleural  groove. 

The  associated  pygidium  is  small,  simple,  almost  semi-circular 
in  form;  with  slightly  converging  lateral  margins,  straight  and 
shortened  posterior  edge,  distinct  central  elevation,  and  anterior 
groove. 

The  test  or  body-oovering  of  both  head  and  thorax  is  marked 
throughout  by  a  raised  fretwork  of  inosculating  lines  or  ridges, 
the  pattern  of  which  varies  in  different  parts. 

Dimensions.— The  larger  fragments  collected  indicate  a  length  of 
about  six  inches  and  a  breadth  of  about  four  inches.  With  the 
exception  of  Olenellus  (Holmia)  Brdggeri,  Walcott,  this  form  is  the 
largest  species  of  the  genus  yet  discovered. 

Comparisons, — OleneUus  Callavei,  as  I  have  already  more  than 
once  pointed  out,*  is  most  intimately  allied  to  Olenellus  KJerulfi, 
Linnarsson,  from  the  Lower  Cambrian  of  Norway,  and  Olenellus 
Brdggeri,  Walcott,  from  the  basal  beds  of  the  Cambrian  of  Newfound- 
land, lliese  three  species  appear  to  me  to  constitute  a  special  sub- 
generic  (?)  group,  intermediate  between  dendlus,  Hall  (including 
Mesonncisy  Walcott,  and  Olenoides,  Meek).  They  all  possess  the 
remarkable  'Mnterocular"  processes  and  conspicuous  dorsal  spines 
of  the  latter,  but  differ  in  the  absence  of  the  facial  suture.  They 
agree  with  Olenellus  (including  Mesonaeis)  in  the  general  form  of 
the  head  and  of  the  glabella,  and  in  the  peculiar  ornamentation  of  the 
test ;  but  differ  in  the  absence  of  the  great  median  or  terminal  spine. 
From  both  groups  they  are  strikingly  distinguished  by  the  great 
development  of  the  occipital  process.  In  allusion  to  this  common 
characteristic  feature,  I  suggested  for  the  group  the  title  of  Cephala- 
eanthus;^  but,  as  Mr.  Walcott  has  pointed  out,  this  term  must  give 
way  to  Holmia,  the  subgeneric  title  published  by  Mr.  Matthew* 
in  June,  1890,  for  Olenellus  {Holmia)  Kjerulfi,  Linnrs.,  the  first 
discovered  species  of  the  group. 

Olenellus  CJallavei  not  only  agrees  with  01  Kjerulfi  in  its  general 
characters,  but  in  the  conspicuous  development  of  the  interocular 
spines,  in   the  existence  of  a  faint  ridge  sweeping  back  from  the 

*  Geol.  Mag.  et<5.,  loc,  eit.  supra.     Fauna  Olmellui  Zone,  pp.  640-641. 

«  Gbol.  Mao.  1888.  p.  641. 

3  Matthew,  Trans.  Boy.  Soc.  Canada,  1890,  p.  160. 
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Bpine  almost  to  the  axis  of  the  glabella  just  in  advance  of  the  neck 
furrow ;  in  the  double  character  of  the  lobes  and  furrows  of  the 
glabella  itself,  and  in  the  form  and  position  of  the  eyes.  It  differs 
from  0.  KjervJfi  in  its  larger  size,  and  more  compact  habit ;  in  the 
rapid  contraction  of  the  glabella  towards  the  front,  in  the  much 
greater  development  of  the  occipital  spine,  and  in  the  falcate  charac- 
ter of  the  terminal  parts  of  the  pleurae. 

0.  Callavei  agrees,  on  the  other  hand,  with  01.  Brdggeri  in  all 
those  features  which  distinguish  the  former  from  0.  Kjerulfi;  and 
differs  from  it  in  all  those  characters  which  are  common  to  the 
^English  and  Norwegian  forms.  In  addition,  a  minor  distinction  is 
constituted  by  the  much  greater  extension  of  the  genal  and  inter- 
ocular  processes  in  0.  Callavei  than  in  0.  Brdggeri,  and  a  much  lesser 
extension  of  the  great  occipital  spine. 

The  form  is  dedicated  to  my  fiiend  Mr.  Charles  Callaway,  D.Sc.» 
F.G.S.,  who  was  the  first  to  detect  organic  remains  in  the  Comley 
Sandstone,  and  the  first  to  demonstrate  the  presence  of  true  Cambrian, 
fossils  in  Shropshire  generally ;  and  whose  original  and  sagacious 
inference  as  to  the  probable  pre-Cambrian  age  of  the  unconformably 
underlying  rocks  the  discovery  of  Olenellus  places  beyond  much 
dispute. 

In  addition  to  the  fragments  upon  which  the  foregoing  description 
has  been  mainly  drawn  up,  a  few  figures  (Figs.  21  and  25)  are  given 
on  Plate  XIY.  of  younger  examples  of  the  species,  in  which  the  same 
characteristic  features  will  be  recognized. 

Olenellus  Callavei  occurs  in  a  highly  calcareous  bed  of  bright 
purplish-red  calcareous  sandstone,  or  sandy  limestone,  near  the  base 
of  the  Comley  Sandstone  (Hollybush)  series  of  Central  Shropshire. 
The  figured  specimens  were  all  procured  from  a  single  locality — the 
Comley  Quarry — at  the  foot  of  the  hill  of  Little  Caradoc,  near  Church 
Stretton.  In  this  district  the  Olenellus-hesiYmg  sandstone  passes 
down  into  olive-green  felspathic  flags,  grits,  and  concretionary  shales, 
and  the  base  of  the  entire  Comley  Sandstone  series  is  formed  of  the 
well-known  Caradoc  or  Wrekin  Quartzite,  which  reposes  unconform- 
ably upon  the  Volcanic  Uriconian  Group  of  Callaway.  ITie  OlenelluS' 
bearing  beds  are  overlain  at  once  by  conglomerates,  and  gritty  and 
quartzose  strata,  containing  abundant  fragments  of  igneous  rocks, 
concretions  of  carbonate  of  copper,  calcareous  bands,  and  limy- 
nodules  ;  and  these  in  turn  pass  up  into  flaggy  shales  and  quartzose 
grits,  forming  the  highest  visible  parts  of  the  Comley  series. 

Olenellus  Callavei  appears  to  be  strictly  confined  to  that  part  of 
the  Comley  series  which  lies  below  the  conglomerate  bands  mentioned 
above;  and  its  associates  include  Kutorgtna  eingulata,  Linnarssonia 
sagittoliSf  Hyolithellus  (compare  H.  micans,  Walcott)  and  Ellipto* 
cephalus,  sp. 

The  overlying  conglomerates  and  limestones  are  distinguished  by 
the  presence  of  a  large  species  of  Paradoxides  (P.  Qroomii  *  sp.  nov.), 
together  with  forms  of  Ptychoparia,  Obolella,  Protospongia,  eta 

^  Faradoxidtt  Groomii,  sp.  noT.    In  general  form  and  size  intermediate  between 
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The  generio  position  of  the  two  characteristio  forma  of  the  Lower 
and  Upper  Divisions  of  the  Comley  Series  being  thus  settled,  the 
descriptions  of  the  less  important  associated  forms  may  conveniently 
be  deferred  to  a  more  favourable  occasion. 

We  possess  in  the  foregoing  facts  sufficient  palsBontological 
evidence  to  establish  the  Lower  Cambrian  age  of  that  part  of  the 
Comley  series  which  contains  the  genus  (HenellxiB;  and  we  have 
now  obtained  stratigraphical  and  paladontological  proof  that  it  is 
succeeded  at  once  by  the  so-called  Middle  Cambrian  or  Paradoxtdian. 
Further,  as  Dr.  Callaway^  originally  pointed  out  some  years  ago, 
the  Holly  bush  (or  Comley  Sandstone)  series  is  followed  in  turn 
by  the  Shineton  Shales,  which  contain  locally  a  fauna  of  highest 
Cambrian  age.  In  these  Central  Shropshire  rocks,  therefore,  the 
Comley  and  Shineton  Groups,  which  constitute  an  integral  part  in 
this  district  of  Murchison's  original  Lower  Silurian,  and  have  a 
collective  thickness  of  perhaps  less  than  3000  feet,  we  have  apparently 
a  condensed  epitome  of  the  entire  Cambrian  system  as  at  present 
generally  defined. 

Here,  as  elsewhere,  we  find  the  Cambrian  divisible  into  three 
sections  —  an  Upper  Cambrian  above,  marked  by  the  presence 
of  the  genus  Olenus  (Olenidian) ;  a  Middle  Cambrian  group  with 
Paradoxides  (Menevian  or  Paradoxidian) ;  and  finally  a  Low^r 
Cambrian  (Olenellus  zone)  or  basal  group  (possibly  of  somewhat 
diflFerent  systematic  importance),  distinguished  by  the  presence 
of  Olenellus,  No  one  has  yet,  so  far  as  I  know,  suggested  any 
general  title  for  the  basal  division  of  the  Cambrian.  Becol lectin^, 
however,  that  the  very  first  discovered  species  of  the  genus  Olenellas 
was  named  and  figured '  by  the  American  geologist,  Dr.  Emmons,  as 
early  as  1846  from  the  rocks  of  his  Taconic  or  Taconian  system ;  and 
was  claimed  by  him  as  early  as  1853 '  as  coming  from  strata  older 
than  any  of  the  fossil-bearing  Silurian  (including  the  Primordial 
zone)  then  discovered ;  while  even  at  the  present  day  the  genus  holds 
its  own  as  marking  a  distinct  and  identifiable  life-zone  in  the  strata 
of  Emmons'  typical  Taconic  area ;  it  would  be  very  convenient  if 
geologists  and  palaeontologists  generally  would  agree  in  calling  it 
the  Taconian. 

In  my  short  paper  already  referred  to,  "  On  the  Discovery  of  the 
Olenellus  Zone  in  Britain,"  I  drew  a  few  provisional  inferences, 
novel  at  that  time,  but  thrown  out  then  as  ''constituting  a  pro- 
visional working  hypothesis,  of  service   mainly  as  a  guide  and 

Par.  HarUni  (Green)  and  Par,  Davidis  (Salter).  Length  8  to  9  inches,  breadth  5 J. 
Jfead  Bemi -circular,  with  pointed  eenal  spines  from  two  to  three  inches  in  length. 
Glabella  prominent,  clavate,  more  than  hall  its  length  being  occupied  by  the  broadly 
rounded  and  smooth  frontal  lobe.  Hypostoma  of  the  type  of  that  of  Par.  Bohemicus 
(Boeck).  Pleura  (no  P)  falcate,  and  sharply  pointed.  Pygidiura  a  raised  disc  with 
central  tubercle ;  embraced  laterally  by  lone,  sabre-like,  distally-diverging  spines. 
Localities.  Neves  Castle  (Lapw.,  1889)  and  Comley  (Groom,  1890).  Named  after 
T.  Theo.  Groom,  Esq.,  B.Sc,  who  first  collected  fr^ments  sufficient  for  description. 

*  C.  Callaway,  "Upper  Cambrian  Rocks  in  South  Shropshire,"  Q.J.G.S.  1877, 
p.  652,  eto. 

'  Kb  EUiptoeephala  oBaphoidee,  Emmons,  Taconic  System,  1846,  p.  213,  figs.  1,  2,  3. 

'  Emmons'  American  Geology,  1855,  pt.  il  pp.  6  and  7,  etc.  * 
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stimulus  to  future  disonssion,  investigation,  discovery  an<l  correc- 
tion." It  is  somewhat  instructive  to  note  how — talsing  the  publica- 
tion of  these  provisional  inferences  as  our  starting  point — geological 
knowledge  and  opinion  in  this  department  has  advanced  in  the 
interval.  These  theoretical  conclusions  were  three  in  number,  and 
for  the  sake  of  comparison — ^the  contrasts  between  them  (as  par»« 
phrased  from  their  original  crude  form),  and  their  present  aspect 
(in  so  far  as  can  be  deduced  from  the  actual  state  of  geological 
opinion), — may  very  briefly  be  summarized  as  follows  :-— 

(a)  The  presence  of  OUneliut  in  these  Shropshire  strata  appears  to  fix  the  pre- 
Cambrian  a?e  of  the  Uriconian  Series  of  Dr.  Callaway,  and  to  render  the  pre-Cambrian 
age  of  his  Longmyndian  a  matter  of  fair  probabilil^. 

Since  1888,  Professor  Blake,  who  has  of  late  years  added  very 
much  of  great  value  to  our  knowledge  of  the  Cambrian  and  pre- 
Cambrian  rocks,  unhesitatingly  assigns  the  lower  zones  of  the 
Longroynd  Series  of  Callaway  to  his  own  Monian,  or  pre-Cambrian.^ 
Sir  A.  Qeikie,  after  studying  the  Olenellua-zone  and  the  overlying 
and  underlying  rocks  in  the  field,  has  frankly  expressed  his  view 
that  the  Uriconian  may  be  of  pre-Cambrian  age.^  Finally,  the  fact 
brought  forward  in  the  present  paper — namely  that  representatives 
of  all  three  divisions  of  the  true  Cambrian,  as  at  present  acknow- 
ledged, are  actually  known  to  occur  in  Central  Shropshire,  being 
mapped  as  constituting  an  integral  part  of  Murchison^s  original 
Lower  Silurian, — renders  it  very  unlikely  that  the  Longmyndian 
(the  original  pre-Silurian  or  Cambrian  of  Murchison  and  the  other 
great  stratigraphists  who  immediately  followed  him)  can  be  any- 
thing else  than  pre-Cambrian. 

(b)  The  so-called  Upper  Cambrian  of  the  MaWems,  Central  England  and  N.W. 
Scotland  may  be  in  reahty  a  greatly  attenuated  represftntative  of  the  entire  Cambrian 
system ;  part  of  an  originally  fairly  continuous  Cambrian  once  extending  from 
Lapland  through  Britain  and  Europe  to  Sardinia— and  the  Sardinian  and  Durness 
formations  may  both  range  down  to  the  base  of  the  Cambrian. 

The  recent  brilliant  discovery  of  Olenelltu  by  the  officers  of  the 
Geological  Survey  of  Scotland,'  in  the  Fucoid  and  Salterellazone,  in 
the  lower  parts  of  the  Dumess-Eriboll  Series,  establishes  the  correct- 
ness of  this  suggestion  for  the  N.W.  Highlands.  The  detection  of 
Par  ad  oxides  Qroomii  in  the  supra  Olenellus — infra  O/entcftcitt— zones 
of  Central  Shropshire,  as  described  in  the  preceding  pages  of  the 
present  paper,^  appears  to  settle  the  matter  equally  satisfactorily  as 
regards  Southern  Britain  : — 

(c)  If  so  the  Torridon  Sandstone  of  North  West  Scotland  would  possibly  go  with 
the  Longmyndian  into  the  pre-Cambrian,  the  Schista  of  St.  Lo  in  France,  and  the 
rocks  of  corresponding  antiquity  elsewhere. 

Here,  again,  this  provisional  conclusion  has  been  extended  and  left 
far  behind  by  later  research  and  opinion.  As  already  pointed  out  by 
Sir  A.  Oeikie,'  the  discovei-y  of  Olenellu$  in  the  Durness- Eribo II 

^  J.  F.  Blake,  On  the  Monian  and  Basal- Cambrian  Rocks  of  Shropshire,  Q.J.G.S. 
1800,  p.  386,  et.  teq, 
*  Sir  A.  Geikie,  Anniversary  Address,  Q.J.6.8.  1891,  pp.  86-90. 
'  Sir  A.  Qeikie,  Gbol.  Mao.  1891,  p  449. 
«  See  ante  p.  632.  »  Ihid.  p.  449. 
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Series  fixes  the  pre-Cambnan  age  of  the  Torridon  Sandstone. 
Again,  Dr.  Eatzer^  has  shown  that  the  strata  of  the  Bohemian 
Urgeberge  (the  Cambrian*  of  Barrande  and  Murchison — Etages  A. 
and  W.)  lie  (at  least  looally),  unconformablj  below  the  rocks  of  the 
true  Cambrian  or  Primordial  zone  (a  conclusion  recently  confirmed 
by  Dr.  Wentzel')  and  must,  therefoi'e,  be  now  classed  as  pre-Cam- 
brian  or  Archaean.  In  precisely  the  same  way  in  two  recent  and 
most  valuable  memoirs  by  M.  Bergeron  and  M.  Bigot  we  are 
presented  in  one  area  (N.W.  France)  with  clear  physical  proofs,^ 
and  in  another  (Languedoc)  with  actual  paledontological  evidence,' 
that  the  condensed  Cambrian  of  Central  Britain  is  apparently  pro- 
longed through  France  from  the  Channel  Isles  to  the  Montagne 
Noire  ;  and  as  a  consequence  the  underlying  (often  unconformable) 
schists  of  St.  Lo,  etc. — 1.6.  the  Cambrian  of  Dalimier,  Dnfrenoy 
and  Murchison — may  now  be  regarded  as  of  Archaoan  or  pro*Cam- 
brian  age. 

Thus  while  we  have  still  very  much  to  learn  respecting  the  fossils, 
the  component  members,  and  the  local  development  of  the  ancient 
Palasozoic  strata,  and  while  we  muRt  admit  that  many  of  our  present 
inferences  and  conclusions  lie  open  to  improvement  and  correction 
by  future  investigation  and  discovery — the  students  of  these  old 
rocks  (however  much  they  may  conscientiously  differ  in  the  pro- 
visional nomenclature  in  which  they  clothe  their  facts)  have  now 
all  more  or  less  attained  to  the  conviction  that  we  are  at  last 
reaching  a  satisfactory  homotaxial  base  to  the  Palseozoio  rock-series. 
We  now  see  that  the  Lower  Palaeozoic  cycle  of  formations  (the 
Protozoio  or  Protogean)  or  the  Silurian  of  Murohison's  '  Silurio, '  and 
Barrande's  '  Syst^me  *  has  proved  itself  to  be  a  geological  cycle  of 
the  first  order.  We  agree,  in  principle,  that  it  is  made  up  (like 
each  of  the  succeeding  great  cycles),  of  three  sub-equal  groiips*  or 
systems — an  Upper  system  (the  Silurian  proper,  or  Salopian)  a 
Middle  system  (the  Ordovidan)  and  a  Lower  system  (the  Cambrian), 
This  lower  system,  like  each  of  the  two  systems  above  it,  has  now 
shown  itself  divisible  in  its  turn  into  three  sections — an  Upper 
Cambrian  (Olenidian),  a  Middle  Cambrian  {Paradoxidian)  and  a 
Lower  Cambrian  (Tneonian), 

Underneath  this  Cambrian  lie  sometimes  conformably,  sometimes 
nnconfonnably,  the  strata  of  the  mysterious  cycles  of  the  Pre- 
Cambrian  (or  Archaean).  Of  these,  certainly  the  rocks  of  the 
unaltered  divisions  (the  Eozoic  or  Eogean  cycle)  are  now  so  well 
circumscribed  geographically  that  there  appears  little  to  hinder  their 
detailed  study  and  investigation  by  an  extension  and  development 

^  Dr.  Fr.  Katzer,  Das  altere  Palffiozoicum  in  Mittel  Bdhmen,  Prague,  1888,  pp.  6, 7. 

'  Siluria,  4th  edition,  p.  273. 

'  Dr.  Josef  Wentzel,  Die  Beziehungen  der  Barrandischen  Etagen  C,  D,  £  zum 
Britischen  Silnr.,  Jahrbuch  d.  k.  k  Beichsanstalt,  Wien,  1891,  p.  119. 

*  A.  Bigot,  li'Arch^en  et  le  Cambrien  du  Massif  Breton,  Cherbourg,  1890, 
pp.  26,  73,  etc. 

^  J.  Bergeron,  Etade^g^logique  du  Massif  ancien  du  Plateau  Central,  Paris,  1889, 
p.  78,  pi.  u. 

^  The  Silurim  $¥p4rieur,  SUurien  moym,  and  SUurim  infirimr  respectirely,  of 
the  younger  French  geologists. 
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of  the  same  rales  which  have  been  employed  in  satisfactorily  deter- 
mining the  order  and  the  charaoteristic  organic  remains  of  the  more 
recent  systems.  Surely  it  is  not  too  much  to  hope  that  the  day  is  fast 
approaching  when  these  Eozoic  formations  will  be  reduced  to  their 
natural  order  as  fossil-bearing  systems,  comparable  in  all  respects 
(except  in  the  greater  paucity  of  their  organic  remains)  with  the 
Post-ArchflDan  systems  which  at  present  form  the  accepted  members 
of  our  great  geological  scale. 

EXPLANATION  OP  PLATE  XIV. 

Fio.    1.  OUnettm  CaUavei.    Glabella  in  relief,  showing  the  characteristic  shape, 

the  lobes  and  fnrrows,  and  the  broken  base  of  the 

occipital  spine. 
Fio.    2.  -^— ^  —    Do.    Side  eleTationa. 
Fio.    3.  ■     Occipital  lobe  with  base  of  central  process.    Posterior 

aspect. 
Fio.    4.  — —  ^—    Fragment  of  hinder  part  of  glabella,  etc.,  from  above, 

showing  size  and  length  of  a  broken  occipital  spine. 

Fio.    6.  — — ^  Do.     Side  elevation. 

Fio.    6. Fragment  of  part  of  head,  showing  marginal  and 

interior  ridges. 
Fio.    7.  ■  •^— — >    Terminal  part  of  free  cheek  with  marginal  ridge,  and 

genal  and  '*interocnlar*'  spines. 

Fig.    8. Do.    Another  and  smaller  example. 

Fio.    9. Eye  lobe. 

Fio.  10. Do.     Smaller  example. 

Fio.  11, One  of  the  anterior  segments  of  the  axis,  showing  the 

form  and  position  of  the  median  spine. 

Fio.  12. Do.     From  central  parts  of  axis. 

Fio.  13. 14. Do.     Profile  views. 

Fio.  16.  — ^— .  Segment  of  axis  near  posterior  end. 

Fio.  16. Sub-terminal  (?)  segment  of  axis,  showing  central  and 

lateral  tubercles* 

Fig.  17. Pygidium. 

Fio.  18.  ■  One  of  the  proximal  plenrs,  showing  general  form, 

pleural  groove,  and  falcate  extremity. 
Fio.  19, 20.  ■  _^__    Plenrs  from  near  posterior  end  of  thorax. 

Fig.  21.  -^^    Superficial  ornamentation  of  test.    (Magnified.) 

Fio.  22. Ditto.     (Magnified.) 

Fio.  23. Doublure  for  attachment  of  hypostoma. 

Fio.  24.  Toung  form  of  0.  Callaveiy  showing  general  form  and  characters  of  the 

glabella,  eyes,  orontal  margin,  etc. 
Fig.  25.  Do.    Another  example. 

(All  the  fragments  figured,  except  Figs.  21  and  22,  are  of  the  natural  size.) 
Figs.  18,  19,  20,  24,  are  from  my  own  Collection,  the  remainder  are  in  the 
Collection  of  the  Woodwardian  Museum,  Cambridge. 

PLATE  XV. 
Fio.  26.  OleneUus  CaUaveif  Lapw.    Theoretical  restoration,  natural  size. 


n. — Petrologioal  Notes  on  some  Lake  District  Rocks. 
By  W.  Matnard  Hutchinos,  Esq. 

DURING  the  last  three  years  I  have  at  various  times  collected 
and  studied  rocks  from  the  Lake  District  Some  of  them  are, 
I  thiok,  of  sufficient  interest  to  render  them  worth  describing.  It  is 
my  opinion  that  a  great  deal  of  very  interesting  petrological  work 
still  remains  to  be  done  among  these  rooks,  and  that  when  they  are 
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more  studied  in  detail  they  will  be  found  to  preaenf  more  diversity 
of  type  than  is  usually  supposed. 

I  will  first  note  the  ooourrenoe  of  a  variety  of  rock  not  previously 
recorded  in  this  district.  It  is  a  quartz-audesite,  or  dacite.  It  is 
exposed  on  the  ridge  between  Oreenburu  and  Wytheburn,  not  very 
far  from  Dunmail  Raise,  and  near  to  a  new  wire-fence  which  bounds, 
I  believe,  the  property  of  the  Manchester  Waterworks.  It  is  a 
dark 'Coloured  rock,  on  a  newly-fractured  surface  of  which  are  seen 
numerous  light  spots  of  porphyritio  felspars,  and  some  of  calcite, 
with  many  grains  of  quartz,  some  of  good  size.  It  was  the  grains 
of  quartz  which  instantly  attracted  my  attention  to  this  rock  when 
a  bit  was  chipped  off  it  in  passing  the  exposed  crag. 

Under  the  microscope  these  grains  of  quartz  are  seen  to  be 
corroded  and  eaten  out  into  '^  bays  and  gulfs,"  and  their  nature  as 
true  constituents  of  the  rock,  and  not  extraneous  fragments,  is 
vouched  for  by  their  enclosures  of  ground- mass.  None  of  them 
show  definite  crystalline  form.  In  addition  to  the  larger  porphyritio 
grains,  some  very  small  ones  are  seen  among  the  ground-mass,  but 
not  abundantly. 

.  The  many  porphyritio  felspars  are  fairly  well  preserved.  They  are 
plagioclase,  mostly  well  twinned,  sometimes  on  both  albite  and 
pericline  systems.  So  far  as  may  be  inferred  from  the  extiction- 
angles  of  symmetrically-extinguishing  twins,  the  chief  felspar  present 
appears  to  be  oligoclase. 

The  porphyritio  ferro-magnesian  constituent  appears  to  have  been 
mainly,  if  not  wholly,  biotite,  which  was  abundant  The  outlines 
and  cleavages  of  the  numerous  large  individuals  are  still  quita 
preserved,  but  great  alteration  has  taken  place  into  chlorite,  epidote, 
and  indeterminable  matter,  probably  partly  carbonates  and  ferrio 
oxides. 

I  have  not  met  with  any  other  andesite  in  the  district  in  which 
biotite  can  be  recognized  as  present,  or  formerly  present,  nor  am 
I  aware  of  any  such  rock  having  been  recorded.  My  impression 
is  that  biotite-andesite  was  very  sparingly  represented,  though  of 
course  it  is  possible  that  the  chlorite,  so  abundant  in  some  cases, 
may  partly  represent  former  biotite;  but  in  that  case  we  should 
expect  to  sometimes  see  recognizable  pseudomorphs,  as  one  so 
frequently  does  in  these  rocks  after  augite. 

The  ground-mass  of  this  quartz-andesite  consists  of  a  network  of 
small  felspar-laths,  intermixed  with,  and  at  places  more  or  less 
obscured  by,  grains  of  chlorite,  epidote,  sphene,  calcite,  and  other 
matter,  as  is  usual  in  all  these  rocks.  In  the  greater  portion  of 
it  the  felspars  are  very  distinct  and  fresh,  and  allow  of  optical 
measurements.  They  are  largely  untwinned,  the  rest  being  binary 
twins.  Extinctions  are  either  quite  parallel  or  at  very  low  angles* 
We  may  conclude  that  there  is  oligoclase,  and  most  likely  some 
orthoclase  present  So  far  as  can  now  be  made  out,  very  little, 
if  any,  glass  was  present  in  the  original  rook.  There  are  many 
good-sized  crystals  of  apatite,  and  zircons  are  much  more  numerous 
than  in  the  usual  local  andesites.    The  sp.  g.  of  the  hand-specimen 
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brought  away  is  2*74,  and  the  Bilioa-peroentage  is  60*45.  Both 
gives  as  the  outside  figures  for  silioa  recorded  for  daoites,  68-18 
per  cent.,  and  65*91  per  cent,  respeotively,  the  latter  being  from  an 
altered  rook.  It  is  not  likely  that  the  figure  obtained  by  me  for 
this  Lake  District  dacite  quite  represents  the  original  percentage, 
which,  judging  by  the  alterations,  was  probably  a  little  higher, 
though  certainly  not  nearly  high  enough  to  place  the  rock  among 
the  rhyolitic  andesites.  We  have  here,  then,  a  well-characterized 
biotite-dacite,  and  it  is  likely  that  this  or  a  similar  rook  will  be 
found  exposed  at  other  points  besides  the  one  indicated. 

Another  rock  occurring  above  Easedale  Tarn,  Grasmere,  on  the 
side  towards  Langdale,  is  a  conspicuous  representative  of  the  other 
extreme  of  the  series  of  Lake  District  rocks.  It  is  a  dolerite,  a  good 
deal  more  basic  than  any  described  by  Mr.  Ward,  and  differing  in 
other  ways  from  any  hitherto  recorded  in  the  district.  It  is  a  very 
dark-coloured  rock,  easily  recognized  with  a  pocket-lens  as  a  rather 
coarse-grained  dolerite,  without  any  porphyritic  structure.  Micro- 
scopic examination  shows  it  to  be  made  up  of  augite  and  plagiodase- 
felspar,  with  usual  alteration-products.  Augite  is  abundant,  and 
much  of  it  is  still  quite  fresh.  It  existed  originally,  apparently, 
wholly  as  irregular  grains,  mostly  of  good  size.  The  rock  has 
undergone  considerable  crushing  and  shearing,  and  many  angite- 
grains  are  cracked  in  several  places,  the  cracks  being  cemented  with 
chlorite.  In  some  cases  large  grains  have  been  completely  shattered 
into  small  fragments,  now  lying  among  chlorite  and  calcite,  due 
to  subsequent  infiltration.  Here  and  there  augite  is  fringed  with 
secondary  hornblende,  but  chlorite  is  the  more  usual  alteration- 
product. 

The  felspar  is  in  the  form  of  relatively  broad  laths,  tabular 
sections,  and  many  irregular  grains;  it  has  been  a  good  deal  affected 
mechanically,  like  the  augite,  but  is  very  fresh  otherwise.  There  is 
no  ophitic  structure  and  no  trace  of  ground-mass  of  any  description. 
The  rock  is  distinctly  a  holocrystalline,  non -porphyritic  dolerite, 
verging  towards  granitoid  structure.  The  sp.  g.  is  295,  and  the 
percentage  of  silica  is  45 '65. 

Another  totally  different  type  of  basic  rock  examined  is  from  near 
the  summit  of  Scarf  Oap  Pass.  Mr.  Ward  mentions  a  bed  of  basic 
lava  on  the  east  side  of  the  pass,  and  gives  description  and  figure  of 
it  I  do  not  know  whether  this  is  the  same  rock,  and  his  figure  is 
of  very  little  use  in  deciding,  while  some  points  in  his  description 
do  not  agree  with  the  occurrence  here  notic«fd. 

It  is  a  vesicular  rock,  the  vesicles  being  now  infilled  with 
chlorite  and  other  alteration-products.  It  has  comparatively  few 
porphyritic  felspars,  all  very  much  altered.  There  is  abundant 
porphyritic  augite  in  good-sized  crystals  and  grains,  mnch  of  which 
is  still  perfectly  fresh,  though  much  fractured  in  some  oases.  The 
giound-mass  consists  of  very  small  felspar-laths,  perfectly  fresh* 
nearly  all  binary  twins.  They  are  mainly  if  not  wholly  labradorite. 
There  is  the  usual  abundance  of  alteration-products  throughout  the 
ground-massi  but  a  good  deal  of  augite  in  small  grains  is  still  difr* 
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tinguishable.  There  appears  to  have  been  a  good  deal  of  interstitial 
glass  originally,  but  it  is  now  devitrified,  and  obscured  bj  alteration^ 
The  sp.  g.  is  2*82  and  the  silica- percentage  51*35.  This  rock, 
then,  corresponds  to  a  porphyritic  augite-dolerite,  or  probably,  more 
correctly,  basalt. 

Turning  to  the  andesites,  there  is  a  type  of  them  abundantly  repre- 
sented at  one  part  of  the  district,  and  apparently  recurring  at  sevei-al 
other  points,  which  is  very  interesting  and  differs  in  several  ways 
from  the  usual  varieties  as  described  l^  Mr.  Ward,  or  as  summarized 
by  Sir  A.  Oeikie  (Presidential  Address  to  Oeol.  Soa  1891).  It 
consists  of  rocks  of  mostly  a  grey-green  or  grey-blue  colour, — a 
colour  not  easy  to  exactly  describHd, — with  resinous  lustre  and 
extremely  splintery  fracture.  On  a  newly-broken  surface  small 
dark  spots  are  seen,  but  hardly  ever  any  sign  of  a  felspar,  and 
when  seen  these  are  very  small.  These  particular  rocks  are  exposed 
largely  at  Barter  Fell,  Mardale,  making  the  main  part  of  the  cliff 
facing  towards  Ha wes water ;  on  the  ascent  from  Nan  Bield  Pass  on 
to  High  Street ;  and  in  cliffs  on  the  right  side  of  Eentmere  Yalley, 
some  distance  below  the  reservoir. 

A  series  of  sections  prepared  from  specimens  taken  at  all  three  of 
the  above  localities  shows  that  the  rock  is  essentially  the  same  in 
nature  at  all  of  them.  There  are  numerous  felspar-crystals,  sharp 
in  outline,  though  inwardly  much  altered,  porphyritic  in  a  ground*: 
mass  which  originally  varied  from  a  wholly  glassy  base  to  an 
intimate  mixture  of  glass  and  exceedingly  minute  felspar-microlites* 
There  are  chlorite-pseudomorphs  after  augite,  distinct  in  form,  as 
well  as  indefinite  patches  and  streaks  of  chlorite.  The  entire  ground- 
mass  is  permeated  by  chlorite  in  minute  flakelets,  with  small  granules 
of  epitlote,  calcite,  and  other  matter. 

Sections  from  the  summit  of  Harter  Fell,  close  to  the  double  cairn, 
show  a  good  deal  of  perfectly  fresh  augite  as  well  as  many  pseudo* 
morphs.  The  ground-mass  here  consists  nearly  wholly  of  devitrified 
glass ;  a  dimly-polarizing,  speckly,  felsitic  mass  with  scarcely  any 
felspar  miorolites  at  all.  Sections  from  Eentmere,  again,  have  a 
ground-mass  of  the  most  typical  •'  hyalopilitic  "  nature,  wherein  the 
same  devitrified  glass  is  quite  full  of  tiny  laths  and  needles  of  felspar, 
showing  well-developed  flow-structure  round  the  porphyritic  felspar- 
crystals.  The  largest  and  most  clearly-developed  of  these  felspar- 
needles  are  close  around  rsVo-th  inch  in  length  and  extinguish  quite 
parallel.     The  average  size  is  very  much  less. 

There  is  no  doubt  that,  though  varying  more  or  less  in  detail  from 
place  to  place,  and  even  within  very  short  distances,  we  have  here 
an  altered  augite-andesite  of  a  much  more  vitreous  nature  than  the 
dominant  type  of  lavas  of  the  Lake  District.  A  characteristic 
specimen  from  above  Nan  Bield  has  the  sp.  g.  2*65  and  a  silica- 
percentage  of  57'55.^ 

^  Mr.  Ward  refers  to  rocks  of  a  grey-blae  colour,  very  compact,  wkick  are 
outwardly  not  unlike  those  above  described.  The  closest  resemblance  is  in  a  lava 
£rom  near  Lodore  Hotel,  which  is  singled  out  by  him  on  account  of  its  non- 
porphyritic  nature. and  the  smallness  of  its  fekpar-needles.    He  give*  the  average 
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Rocks  closely  similar  to  tlie  above,  macroscopically  and  micro- 
Boopioally,  are  exposed  on  both  sides  of  Easedale  Tarn,  Grasmere. 
One  specimen^  from  the  right  side  of  the  Tarn,  is  very  much  altered 
and  impregnated  with  oalcite  and  other  secondary  matter,  reducing 
its  silica-percentage  to  52*45.  Its  ground-mass  appears  to  have  beeir 
wholly  vitreous,  and  porphyritic  felspars,  etc.,  are  very  scarce. 
Specimens  from  the  opposite  side  of  the  Tarn  are  again  full  of 
minute  felspar-needles,  are  less  altered  (free  from  calcite),  and  have 
a  silica-percentage  of  60*75;  but  here  also  the  porphyritic  con- 
stituents are  much  less  abundant  than  at  Barter  Fell,  etc. 

From  these  vitreous  and  minutely  "  hyalopilitic  **  varieties,  we 
may  see  all  gradations  of  development  of  crystals  in  the  ground- 
mass,  up  to  the  more  usual,  much  coarser- grained  andesites,  as  we 
mainly  have  them  in  Mr.  Ward's  descriptions. 

An  interesting  example  is  exposed  in  a  small  disused  quarry  by 
the  side  of  the  road  from  Seatoller  to  Seathwaite.  The  rock  is  grey 
tinged  with  green,  showing  dark  spots  of  chlorite,  but  no  felspars 
to  eye  or  lens.  It  is  very  fissile,  splitting  into  tolerably  thin  plates, 
and  approaches  more  nearly  to  a  slaty  cleavage  than  any  other  lava 
known  to  me  in  the  district ;  though  I  am  told  there  are  cases  of 
lavas  which  are  sufficiently  cleaved  to  be  worked  for  roofing-slates. 
The  ground -mass- felspars  in  sections  from  this  quarry  are  still 
small,  but  larger  than  in  the  rocks  just  described,  ranging  up  to 
tJtt  of  an  inch  as  maximum.  Porphyritic  felspars  are  greatly 
altered,  being  almost  wholly  replaced  by  oalcite,  and  deformed  by 
pressure  and  shearing;  but  the  pseudomorphs  after  augite  are  mostly 
but  little  damaged,  and  show  more  numerous  recognizable  forms 
than  in  any  other  slides  I  have.  The  ground-mass  is  completely 
permeated  by  infiltrated  calcite,  of  which  there  is  so  much  present 
altogether  that  the  silica-percentage  of  the  rock  now  only  reaches 
51*6,  though  originally  it  must  have  been  fully  as  high  as  in  the 
average  local  andesites,  if  not  higher. 

The  numerous  lavas  on  Dale  Head,  High  Scawdell,  and  Seatollet 
Fell,  present  an  interesting  variety,  as  we  find  here  not  only  the 
more  normal  Lake  District  andesites,  but  also  types  which  seem  to 
lie  between  these  and  the  basic  rocks,  and  to  require  such  terms 
as  doleritic  (better  basaltic)  andesite,  or  andesitic  dolerite  (better 
basalt),  to  describe  them ; — that  is,  if  we  adhere  to  the  more  usual 
custom  of  distinguishing  between  andesites,  and  dolerites  or  basalts, 
as  extremes  of  a  series.  Of  course  they  all  pass  imperceptibly  into 
one  another,  and  there  are  petrologists  who  call  the  whole  series 
andesites,  as  does  Professor  Cole  in  his  system  of  classification 
(**Aids  in  Pmctical  Geology"),  simply  distinguishing  them  at  the 
ends  of  the  line  as  *<  trachytic  andesites  "  and  '*  basaltic  andesites." 
Rock-classification,  in  the  present  state  of  the  subject,  is  very  much 

length  of  these  as  rfyth  of  an  inch.  They  are,  therefore,  very  mnch  larger  than 
in  the  rocks  referred  to  by  me,  and  from  his  description  the  Lodore  lava  was  evidently 
very  much  less  vitreous  than  these.  It  resembles,  as  Mr.  Teall  points  out,  the 
^ound-mass  of  the  average  andesites  of  the  district ;  a  ground-mass  in  which  the 
felspars  are  above  the  average  sises.  of  typical  andesites  elsewhere. 
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a  matter  of  individual  taste,  bo  many  are  the  systems  offered  to  us. 
For  my  own  part  I  think  a  very  much  clearer  idea  of  the  rocks  is 
conveyed  by  the  more  usual  method  of  separate  grouping  of  andesites 
and  basalts  (using  the  name  dolerite  exclusively  for  non-vitreous 
rocks) ;  as  is  exemplified  in  the  classification  given  by  Dr.  Hatch 
(**  Introduction  to  the  Study  of  Petrology  ").  Various  stages  of  the 
passage  from  one  to  the  other  extreme  may  then  be  clearly  indicated 
by  the  use  of  the  adjectives  basaltic  and  andesitic  respectively, 
according  to  whether  we  wish  to  specify  an  andesite  which  is 
tending  towards  a  basalt,  or  a  basalt  which  is  tending  towards  an 
andesite.^ 

While  on  this  subject,  it  is  difiSoult  to  see  why  we  should  retain 
in  use  the  word  "  porphyrite  *'  for  altered  andesites  like  those  of  the 
Lake  District.  The  supposed  differences  between  rocks  of  different 
geological  age  being  no  longer  admitted  among  English  petrologists, 
and  bound  to  vanish  also  in  Germany  sooner  or  later,  why  retain 
any  of  the  names  which  are  connected  with  the  obsolete  system  of 
classification,  and  which  appear  wholly  superfluous  when  once  this 
is  discarded?  As  some  writer  has  said,  I  think,  in  effect,  why 
should  we  have  a  separate  name  for  an  old  and  altered  rock,  any 
more  than  we  have  a  separate  name  for  a  man  because  his  hair  is 
grey  and  his  teeth  no  longer  well  preserved  ?  Such  names  only 
burden  the  memory,  obscure  ideas,  and  open  the  way  for  confusion, 
because  they  are  so  liable  to  be  used  in  different  senses  by  different 
writers.  It  is  better,  and  specially  so  for  younger  students,  to  use 
two  words  (or  a  whole  sentence  if  necessary !),  and  to  convey  a 
clear  and  unmistakeable  idea  by  their  means,  than  to  use  one  word 
which  itself  needs  a  definition  attached  to  it,  and  very  likely  has 
several  different  ones.  Why  should  not  such  words  as  porphyrite, 
melaphyre,  propylite,  and  very  many  more,  disappear  into  the 
lumber-heap  ?  They  are  only  a  stumbling-block  to  beginners,  and 
an  unnecessary  addition  to  a  nomenclature  too  much  burdened  with 
dreadful  names  in  any  case. 

The  regular  types  of  andesites  of  the  district  have  in  their  ground- 
mass  a  felspar  which  shows  very  small  angles  of  extinction,  and 
sometimes  extinguishes  parallel. 

.  It  seems  tolerably  safe  to  assume  that  oligoclase  largely  prevails, 
jand  it  is  very  probable  that  orthoolase  is  also  frequently  present 
But  there  are  also  rocks  in  which  these  optical  tests  show  a  felspar 
allied  to  labradorite  to  be  present  in  the  ground-mass.  Labradorite 
does  not  appear  to  be  usually  recorded  as  existing  in  the  ground- 
mass  of  normally  acid  andesites.  In  some  of  the  lavas  on  Dale 
Head,  etc.,  examples  of  it  may  be  seen,  lavas  which  are  very  full  of 
porphyritic  felspars  and  are  unquestionably  andesites. 

1  Mr.  Teall  uses  the  term  '* andesitic  dolerite"  on  seyeral  occasions,  pointing  out 
that  some  authors  would  simply  call  such  rocks  augite-andesites ;  and  he  adds  the 
Tery  sensible  reminder  that  ''it  is  a  matter  of  indifference  what  we  call  them, 
provided  we  recognize  their  true  characters  and  relations"  (British  Petrography, 
pp.  194, 196). 
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A  rock  from  Seatoller  Fell  is  of  Bome  interest.  It  is  a  very  oom* 
pact,  dark  rook,  quite  free  from  vesicles.  Its  numerous  porphyritio 
felspars  are  all  much  altered,  though  still  perfect  in  outline  and 
relationship  to  the  ground-mass.  There  are  no  definitely  recognizable 
larger  pseudomorphs  of  chlorite  after  augite,  though  good  large 
patches  of  chlorite  are  present.  The  ground -mass  consists  of  perfectly 
fresh  felspar-laths  of  a  rather  larger  size  than  usual,  all  twinned, 
and  showing  by  many  extinction  measurements  that  labradorite  is 
dominant.  These  felspars  lie  in  among  a  yellow-brown,  dimly- 
polarizing,  partially  devitrified  glassy  base,  full  of  minute  dark 
dusty  matter.  The  amount  of  this  base  is  considerable.  In  among 
the  felspars  and  glass  are  a  large  number  of  good -sized  irregular 
grains  of  very  pale-green  hornblende,  which  is  clearly  secondary 
after  former  augite.  In  many  cases  the  felspars  penetrate  the  horn- 
blende in  a  manner  showing  that  a  certain  amount  of  ophitio 
structure  was  present,  but  more  usually  the  grains  lie  wedged  in 
the  angles  formed  by  the  felspars.  There  are  also  numerous  bits 
of  chlorite  occurring  in  exactly  the  same  manner  as  the  hornblende. 
Originally  the  rock  must  have  contained  a  considerable  amount  of 
augite  in  this  form,  but  none  of  it  is  now  seen  unaltered,  lliere  is 
abundance  of  finely  disseminated  chlorite  and  grains  of  epidote, 
some  of  which  appears  to  represent  a  smaller  generation  of  augite  in 
the  ground-mass.  The  sp.  g.  is  2*88,  and  the  silica-percentage 
58*55.     This  rock  would  have  to  be  classed  as  "  andesitic  basalt.*' 

Hornblende  secondary  after  augite  is  not  at  all  frequently  observed 
in  these  rocks.  There  is  another  lava  on  Seatoller  Fell,  a  normal 
andesite,  in  which  it  occurs  as  prismatic  grains  of  deep  green  colour, 
this  being  the  only  case  in  which  I  have  observed  hornblende  in 
one  of  the  regular  local  andesites.  Original  hornblende  is  never 
seen  nor  any  sign  that  it  ever  was  present.  It  seems  probable  that 
hornblende-andesites  were  never  represented  in  the  district 

Enstatite  has  been  shown  by  Prof.  Bonuey  (Geol.  Mao.  1885, 
p.  77)  to  have  been  a  constituent  of  some  of  the  Eycott  Hill  lavas ; 
and  Mr.  Teall  supposes  it  probable  that  the  andesites  of  the  district 
contained  it  I  have  sought  carefully  for  it  in  many  rocks  from 
various  localities,  but  have  not  found  it,  nor  any  secondary  product 
which  suggests  it,  in  any  undoubted  lava.  In  a  rock  from  Dale 
Head,  of  which  I  am  uncertain  whether  it  was  a  flow  or  an  ash, 
there  are  good- sized  serpentine-pseudomorphs  after  some  mineral, 
which  I  think  was  very  probably  enstatite.  The  secondary  mineral 
is  not  bastite.  Again,  in  an  ash  or  tuff  from  the  summit  of  Sargeant 
Man  a  good  deal  of  serpentine  appears,  some  of  it  in  the  form  of 
small  prismatic  pseudomorphs,  contained  in  andesitic  lapilli,  strongly 
suggestive  of  original  crystals  of  enstatite;  and  in  a  tuff  from 
Glaramara  one  good-sized  serpentine-pseudomorph  is  also  seen,  the 
form  being  quite  that  of  the  enstatites  of  andesites,  eta 

It  would  seem  likely  that  enstatite  was  a  rare  constituent  of 
these  rocks. 

A  rock  occurs  at  Thomthwaite  Crag,  a  little  below  the  tall  Cairn, 
which  differs  sufficiently  from  the  usual  andesites  to  be  worthy  of 
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oidntion.  It  is  a  grey-gteen,  bigbly  vesicular  rook,  the  vesicles 
now  filled  with  chlorite  and  chalcedony.  In  thin  sections  the 
difference  alladed  to  is  apparent  in  the  felspars  of  the  ground-mass. 
These  to  a  very  large  extent  consist  of  untwinned  laths,  many  very 
elongated  in  proportion  to  breadth,  and  extinguish  mainly  quite 
parallel  to  their  length.  Such  of  them  as  are  twinned  are  almost 
without  exception  binary  twins,  and  of  these  a  large  proportion 
extinguish  simultaneously  and  again  quite  parallel,  or  at  very  low 
angles.  There  are  a  good  many  square  tabular  sections  also  seen, 
more  than  in  any  other  local  andesites  examined.  The  laths  are 
of  various  sizes,  and  pass  down  to  very  small  ones  with  mainly 
forked  and  ragged  ends.  So  far  as  optic  discrimination  in  thin 
sections  is  a  guide,  the  felspar  in  this  ground-mass  seems  to  be 
mainly,  if  not  almost  wholly,  orthoolase.  There  is  a  good  deal  of 
devitrified  interstitial  glass  and  the  usual  amount  of  diffused 
alteration-products.  The  porphyritio  felspars  are  still  fairly  fresh, 
and  several  of  them  in  some  of  the  slides  examined  appear  to  be 
orthoolase,  while  in  others  they  are  wholly  plagioclase,  the  ground- 
mass  remaining  as  above  described.  In  one  hand-specimen  there 
are  large  groups  of  felspar  crystals  clustered  together  in  the  manner 
described  by  Mr.  Teall  in  the  case  of  the  Tynemouth  Dyke ;  that  is, 
they  are  tdiomorphie  towards  the  outside  of  the  group,  and  allotrio* 
morphic  inside  it.  Some  of  these  groups  are  so  large  that  they  give 
the  effect,  on  fractured  surfaces  of  the  rock,  of  being  infillings  of 
good  large  vesicles  with  felspar,  but  the  miorosoope  shows  their 
true  nature. 

Some  of  this  rock  was  prepared  for  analysis  by  crushing  moderately 
small  and  picking  out  sufficient  bits  quite  free  from  vesicles  or  their 
contents.  The  analysis  was  kindly  made  for  me  by  Dr.  J.  B.  Cohen, 
of  Owens  College,  and  is  calculated  on  dehydrated  rook : — 


Silica        

8 

68-69 

per  cent. 

Alumina 

IS 

16-84 

99 

Ferric  Oxide 

es 

8-62 

„        (Ferroos  Oxide  not 

Lime         

es 

3-43 

„                    determined.) 

Magnesia 

■s 

2-91 

>t 

Manganons  Oxide 

es 

0-68 

ft 

Potash     

es 

3-86 

»» 

Soda        

■s 

6-06 

» 

98-99 

These  figures  would  stand  equally  well  for  a  trachyte  or  an 
andesite,  the  proportions  of  the  alkalies  being  much  the  same  as  in 
many  analyses  given  of  trachytes;  agreeing  for  instance  almost 
completely  with  one  of  the  "  typical  analyses  "  given  by  Professor 
Cole  in  his  **  Aids  in  Practical  Geology."  It  appears  that  whether 
a  magma  of  certain  composition  will  consolidate  as  trachyte  or  as 
andesite,  depends  largely  on  conditions  other  than  purely  chemical. 
The  rock  in  question  is  not  a  trachyte,  but  it  would  become  one  by 
a  very  moderate  degree  of  further  differentiation  from  the  accom- 
panying andesites.    Kocks  with  a  closely  similar  orthoolase  ground- 
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mass,  and  some  apparently  ortboclase  porpbyridc  ciystak,  oocnr  also 
near  Keswick. 

It  is  not  at  all  unlikely  that  nndonbted  trachytes  may  be  found  in 
the  Lake  District  Sir  A.  Geikie,  in  bis  address  above  referred  to, 
alludes  to  the  general  resemblance  of  these  lavas  to  the  "  porphy- 
rites  "  of  the  Old  Bed  Sandstone  in  Scotland,  and  Dr.  Hatch  quotes 
the  authority  of  Professor  Judd  for  the  fact  that  "excellent  sanidine- 
trachytes  "  exist  among  these  rocks  at  Haddington  ('*  Introdaction 
to  the  Study  of  Petrology,"  p.  100).  Some  lapilli  seen  in  certain 
tuffs  also  suggest  that  good  tracbytea  exist  somewhere  among  the 
Lake  rocks. ^ 

Sir  A.  Geikie  states  that  from  the  observations  of  himself  and 
Dr.  Hatch  on  the  rocks  of  the  Lake  District,  he  concludes  that 
lavas  are  much  more  abundant  among  them,  relatively  to  ''ashes,'* 
than  was  allowed  by  Mr.  Ward  in  his  Survey  Memoir  and  other 
writings.  In  this  conclusion  it  is  probable  that  most  workers  in 
the  district  would  now  agree.  But  there  are,  of  course,  many  cases 
in  which  it  does  not  seem  possible  to  decide  whether  they  are  flows 
or  ashes,  either  in  the  field  or  with  the  microscope,^-certainly  not 
with  the  latter.  The  difficulties  of  this  kind  of  examination  are 
very  fully  (not  to  say  a  little  gloomily  I)  put  forth  in  a  paper  by 
Mr.  Butley  ("  On  Community  of  Structure  in  Bocks  of  Dissimilar 
Origin,"  Q.J.G.S.  vol.  xxxv.  1879),  and  anybody  who  may  be  in 
danger  of  underrating  these  difficulties,  or  of  getting  too  much 
confidence  in  his  power  to  solve  them,  or  indeed  to  solve  any  sort 
of  questions  whatever  in  microscopic  petrology,  would  do  well  to 
read  that  paper. 

The  chemical  and  mineralogical  changes  which  have  taken  place 
in  these  rocks  are  of  very  great  interest  in  some  cases.  They  are, 
however,  most  fully  seen  in  the  detrital  rocks, — the  ashes  and 
tuffs, — and  I  hope  to  return  to  some  of  them  in  connexion  with 
a  study  of  the  ash-slates,  eta,  of  the  diistrict 

'  Prof.  Cole  points  out  ("  Aids  in  Practical  Geoioey  ")  that  the  older  trachytes 
(or  quartzless  porphyries,  orthophyres,  etc.)  may  often  be  difficult  to  mark  off  from 
the  rhyolites,  and  su^^esta  that  the  marked  absence  of  porphyrite  quartz  in  some  of 
the  '^altered  rhyolites"  may  give  rise  to  a  suspicion  that  they  were  trachytes. 
There  is  a  '*  rhyolite"  exposed  in  the  plantation.in  front  of  Shap  Wells  Hotel,  which 
differs  notably  from  the  other  rhyolites  near  to  it.  Macroscopically  it  shows  crystals 
of  felspar  more  prominently  than  any  of  the  others  do.  Microscopically  it  shows 
an  abundance  of  felspar-laths  and  microlites,  all  orthoclase,  lying  in  a  rather  plenti- 
ful cryptocrystalline  Dase,  **  speckly  "  in  polarized  heht,  apparently  deritrified  glass. 
Such  laths  and  microlites  are  absent  from  the  other  local  rnyolites.  There  is  none 
of  the  spherulitic  structure  so  abundantly  developed  in  these  rhyolites,  and  there  is 
no  sign  of  free  quartz  or  of  **granophyre."  The  silica -percentage  of  a  specimen 
collected  by  me  is  61*16,  as  contrasted  with  over  76  per  cent,  found  in  rhyolites  of 
Wasdale  Head  and  Stockdale  by  Mr.  Garwood.  The  microscope  shows  nothing 
whatever  to  lead  to  the  supposition  that  the  silica-percentage  has  been  lowered  by 
decomposition  or  infiltration,  the  rock  being  very  free  from  chlorite,  etc.  This  was 
apparently  never  a  rhyolite,  but  was  most  probably  a  trachyte  with  a  large  amount 
of  glassy  \>aae. 
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OF  THB   UpPBB   LiaB  OF   WhITBT. 
By  A.  Smith  Wooowabd,  F.O.S.,  F.Z.8. 

SEVERAL  species  of  Yertebrata  are  now  known  to  be  common  to 
the  Upper  Lias  of  the  neighbourhood  of  Whitby,  Yorkshire, 
and  the  corresponding  formation  so  widely  developed  in  parts  of 
Wiirtemberg  and  Bavaria.  The  recent  discovery  of  another  link 
between  the  two  faunas  in  question  thus  seems  to  be  worthy  of 
placing  on  record.  Moreover,  the  latest  comparisons  render  it 
possible  to  assign  to  the  fossil  under  consideration  a  more  precise 
specific  diagnosis  than  has  hitherto  been  published ;  and  the  an- 
nouncement of  the  discovery  may  lead  to  the  recognition  of  other 
specimens  besides  those  in  the  British  Museum,  with  which  alone 
as  yet  the  present  writer  is  acquainted. 

The  fossil  in  question  is  a  Lepidosteoid  fish,  long  ago  observed  by 
Quenstedt  in  the  Lias  of  Wiirtemberg,  and  briefly  described  under 
the  name  of  Pholidophorus  germauicm,^  A  figure  of  the  head  and 
anterior  portion  of  the  trunk  accompanies  the  original  description ; 
and  it  is  satisfactorily  proved  that  the  fish  is  a  typical  species  of  the 
well-known  early  Mesozoic  genus  to  which  it  is  referred.  It  is  the 
largest  known  Liassic  species  of  Pholidophorus ,  attaining  a  length 
of  nearly  0-3  m. 

Two  almost  complete  examples  of  the  species,  and  four  more 
fragmentary  specimens  were  obtained  from  the  neighbourhood  of 
W^hitby  by  the  late  Sir  Philip  Egerton  and  the  Earl  of  Enniskillen. 
These  at  present  fonn  the  series  in  the  British  Museum.  They 
agree  precisely  in  all  their  characters  with  several  typical  specimens 
of  Pholidophorus  germanicus  from  Ohmden,  Wiirtemberg,  in  the  same 
collection ;  and  the  chief  points  of  specific  importance  are  noted  in 
the  following  paragraph. 

As  usual  in  Pholidophorus,  the  body  is  gracefully  fusiform  in 
shape.  The  length  of  the  head  with  the  opercular  apparatus  some- 
what exceeds  the  maximum  depth  of  the  trunk,  which  equals  about 
one-fifth  of  the  total  length  of  the  fish.  The  rugose  ornament  of  the 
head  and  opercular  bones— especially  that  of  the  cranial  roof — is 
very  fine  and  conspicuous ;  and  the  rug89  on  the  maxilla  and  dentary 
bone  tend  towards  a  longitudinal  striation.  llie  pelvic  fins  arise 
slightly  in  advance  of  the  middle  point  of  the  trunk,  and  are  provided 
with  small  fulcra  (as  especially  well  shown  by  B.  M.  No.  P.  1068). 
The  dorsal  and  anal  fins  are  of  the  ordinary  small  proportions,  and 
the  former  is  directly  opposed  to  the  pelvic  pair.  The  scales  are 
large  and  nearly  smooth,  but  with  a  faint,  coarse  rugosity,  most 
conspicuous  in  the  caudal  region ;  their  hinder  margin  is  very 
slightly  convex,  and  not  serrated  ;  and  there  are  at  least  six  longi- 
tudinal series  of  flank-scales  much  deeper  than  broad. 

Of  the  characters  just  mentioned,  the  peculiar  ornament  of  the 
scales  seems  to  be  especially  distinctive,  and  renders  possible  the 

1  F.  A.  Quenatedt,  <*  Der  Jura ''  (1858},  p.  234,  pi.  zxx«  figs.  9-11. 
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determination  even  of  fi*agment8.  The  feebly  marked  mgee  are 
broad  and  rounded,  and  towards  the  superior  margin  of  the  scales, 
more  particularly  on  the  caudal  pedicle,  they  exhibit  a  tendency 
towards  arrangement  in  a  series  of  short,  parallel,  vertical  folds. 


lY. — FsEUDOTBioyrx  from  ths  Bragklesham  Beds. 
By  A.  Smith  Woodward,  F.G.S.,  F.Z.S. 

THE  extinct  genus  of  Chelydroid  Chelonians  to  which  M.  Louis 
DoUo  gave  the  name  of  Fseudotrionyx,^  has  already  been  re- 
corded from  the  London  Clay  of  Sheppey,  by  Messrs.  Lydekker  and 
Boulenger.'  It  is  somewhat  remarkable,  however,  that  until  the 
recent  acquisition  by  the  British  Museum  of  the  collection  of  Mr. 
J.  B.  Ogle,  no  certain  evidence  had  been  observed  of  the  occurrence 
of  the  genus  in  the  Brack lesham  Beds — the  English  equivalent  of 
the  Bruxellian  Series  which  yielded  the  Belgian  Pneudoirionifx 
Delheidi, 

This  evidence  is  still  very  small,  but  appears  nevertheless  conclu- 
sive. It  consists  of  one  of  the  middle  marginal  bones,  well  preserved 
and  showing  the  pit  for  the  reception  of  the  extremity  of  the  rib. 
The  bone  measures  0*06 m.  in  length,  0042  in  the  maximum  width 
of  the  upper  face,  0-03  in  that  of  the  lower  face,  and  0-018  in  the 
maximum  thickness  of  the  angulation.  Both  the  upper  and  lower 
faces  of  the  bone  are  covered  with  the  characteristic  coarse,  but 
faintly-marked  pitted  ornament;  and  the  angulation  of  one  extremity 
measures  about  90°,  while  that  of  the  other  is  slightly  greater. 

The  fossil  thus  described  agrees  so  closely  in  its  proportions  and 
sculpturing  with  the  type-species  P.  Delheidi  that,  in  the  absence  of 
further  material,  it  may  be  assigned  to  this  form. 


I 


V. — Notes  on  Stereodon  Meliteksis,  Owen. 

By  John  H.  Cooxb,  F.O.S.,  etc. 

N  the  year  1865  portions  of  the  upper  and  lower  jaws  of  a 
large  extinct  fish  that  had  been  found  imbedded  in  the  Globi- 
gerina  Limestone '  of  Malta  were  submitted  by  Dr.  Leith  Adams  to 
Professor  Owen  for  identification.  Adams  had  considered  them  as 
being  the  remains  of  a  crocodilian ;  but  in  a  paper  that  appeared 
in  the  Geological  Magazine  for  April,  1865,*  Owen  pronounced 
them  to  be  the  remains  of  a  large  extinct  fish  that  belonged  to  "  the 
cycloid  order,  and  having  sauroid  dentition,"  and  he  proposed  that 
"this  fine  addition  to  Miocene  Tertiary  fishes"  should  be  known  by 
the  name  of  Stereodon  Melilensis. 

*  L.  Dollo,  "  Premi&re  Note  sur  lea  Gh^loniens  du  Braxellien  (Eoe^ne  Moy«ii) 
de  la  Belgique,"  Bull.  Mas.  Boy.  d*HiBt.  Nat.  Belg.  yol.  ir.  (1886),  pp.  76-96, 
pis.  i.  ii 

«  R.  Lydekker  and  G.  A.  Boulcnger,  Gbol.  Mao.  [3]  Vol  IV.  (1887)  p.  274. 
«  Bed  IV.  'I he  "freestone"  of  Spratt  and  Adams. 

*  *<  Stereodon  Meliteasis,"  Owen,  Gbol.  Mao.  April,  1866. 
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A  portioa  of  the  bony  skeleton  of  a  fish  of  the  same  species  was 
also  discovered  in  the  same  locality ;  but  as  it  was  not  sent  with  the 
other  specimens,  it  has  been  neither  figured  nor  described. 

In  the  course  of  his  paper  Owen  repeatedly  refers  to  it,  and 
finally  concludes  by  saying,  "  It  is  much  to  be  desired  that  the  rest 
of  the  skeleton  of  this  extinct  fish  should  be  figured.'*  No  attempt 
has,  hitherto,  been  made  to  carry  out  this  suggestion,  and  as  no 
record  of  this  interesting  specimen  exists,  I  have  therefore  visited 
the  Malta  Museum,  wherein  the  fossil  is  now  deposited,  and  have 
obtained  the  following  particulars  relating  to  it. 

The  specimen  is  oblong  in  shape,  and  measures  22f  inches  from 
the  snout  to  the  10th  dorsal  vertebra.  It  consists  of  a  fragment  of 
the  head,  and  a  portion  of  the  vertebral  column,  the  latter  of  which 
extends  as  far  as  the  10th  dorMal. 

The  vertebraa  are  circular  in  shape,  and  they  form  a  continuous 
chain  which  curves  slightly  in  a  downward  direction.  They  are 
well  ossified,  but,  unfortunately,  roost  of  them  have  been  badly 
developed  from  the  matrix,  and  their  characteristic  features  have 
thereby  been  obliterated.  The  Ist,  2nd,  3rd,  and  6th  are,  however, 
in  an  excellent  state  of  preservation  ;  and  the  1 0th  vertebra 
distinctly  shows  deep  lateral  pits  longitudinally  extended.  Each 
vertebra  is  bi-concave,  and  its  body  is  somewhat  depressed  towards 
the  middle.  Compared  with  the  posterior  diameter,  the  antero- 
posterior diameter  is  much  the  shorter  of  the  two. 

Posterior  diameter  of  the  6th  dorsal  rertelMra  ...  H  inches. 

Antero -posterior  of  the  6th  dorsal  vertebra  ...    |  of  an  inch. 

Posterior  diameter  of  the  10th  dorsal  yertebra  ...    i        ,, 

Antero-posterior  of  the  10th  dorsal  Tertebra  ...    |        „ 

The  average  diameter  of  the  posterior  extremities  is  If  inches. 

Above  and  below  each  of  the  vertebne  exhibits  a  broad  protuber- 
ance, which  forms  the  base  of  a  long,  sword-shaped  spine,  the 
flattened  sides  of  which  lie  in  a  plane  with  the  vertebral  column, 
while  the  thin  edges  lie  in  the  direction  of  the  articular  facets. 
These  spines  are  anchylosed  with  the  neural  and  haemal  arches  of 
the  vertebrsB.  They  average  three  inches  in  length,  and  half  an 
inch  in  width.  The  neural  spines  spring  obliquely  upwards  and 
backwards  from  the  centrum,  while  those  on  the  hssmal  side  spring 
obliquely  downwards  and  backwards,  and  gradually  become  shorter 
and  more  slender  as  the  caudal  extremity  is  approached. 

There  are  no  traces  of  scales. 

Considerable  portions  of  the  bones  of  the  head  have  been  pre- 
served in  the  limestone  matrix,  but  most  of  them  are  so  crushed  as 
to  be  quite  unrecognizable. 

A  fragment  of  the  left  branch  of  the  lower  jaw,  containing  a  tooth 
which  is  similar  in  every  respect  to  those  that  formed  the  subject  of 
Professor  Owen's  paper,  is  intact,  and  thus  affords  an  opportunity 
for  the  comparison  of  the  two  fossils. 

HiOHLAXD  House,  St.  Julian's,  Malta. 
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I. — Gkolooioal  Survkt  Publioations. 

1.  The  Geology  of  the  Country  around  Mallbrstang,  with 
PARTS  OF  Wenrlsydalr,  Swaledalb,  AND  Arkendalk.  By 
J.  B.  Dakyms,  R.  H.  Tiddeman,  R.  Russell,  G.  T.  Clough, 
and  A.  Stbahan.  (Parts  by  J.  G.  Goodohild,  C.  E,  Db  Bangs, 
G.  Barrow,  and  F.  H.  Hatch.)     1891.    pp.  213.     Price  3$.  6ci. 

THE  area  described  by  the  numerous  authors  in  this  Memoir  is, 
for  the  most  part,  an  elevated  tract  rising  2000  feet  and  more 
above  the  sea-level,  and  including  the  sources  of  the  rivers  Ure  (or 
Yore),  Swale,  Lune,  and  Eden.  The  oldest  rocks  exposed  belong 
to  the  Coniston  Limestone  Series,  and  of  this  series  the  Ashgill 
shales  form  the  upper  part,  and  the  top  of  the  Lower  Silurian  (or 
Ordovician).  The  lowest  division  in  the  overlying  Upper  Silurian 
system  is  that  known  as  the  Stockdale  shales,  and  it  is  remarked 
that  its  base  is  determined  principally  on  palasontological  considera- 
tions, for  there  is  an  abrupt  change  from  the  fauna  of  the  beds 
below,  without  any  stratigraphical  unconformity.  Succeeding  the 
Stockdale  Shales  are  the  Coniston  Flags  and  Grits,  and  the  Bannis- 
dale  Slates.  Resting  unconformably  on  the  Silurian  rocks  comes 
the  great  Carboniferous  series,  including  representatives  of  the 
Basement  red  conglomerate  and  sandstone  (which  may  be  of  the 
age  of  the  Upper  Old  Red  Sandstone),  Lower  Limestone  Shales, 
Great  Scar  Limestone  Series,  Yoredale  Rocks,  and  Millstone  Grit 
The  description  of  these  rocks  occupies  the  greater  part  of  the 
Memoir,  which  indeed  deals  with  the  district  of  Uredale  (Yoredale) 
or  Wensleydale,  from  which  the  Yoredale  rocks  take  their  name. 
Some  Permian  and  Triassic  rocks,  as  well  as  Glacial  Drifts  and 
Recent  deposits,  are  described.  There  are  also  notes  on  the  Lead- 
mining,  on  the  Coal-beds  which  occur  in  the  Yoredale  Series  and 
Millstone  Grit,  and  on  the  Building-stones. 

Dr.  Hatch  contributes  notes  on  the  Eruptive  roCks ;  and  there  is 
a  list  of  Carboniferous  fossils  by  Mr.  Etheridge. 


2  The  Geology  of  Parts  of  Cambridgeshire  and  of  Suffolk 
(Ely,  Mildenhall,  Thetford).  By  W.  Whitakbr,  H.  B.  Wood- 
ward, F.  J.  Bennett,  S.  B.  J.  Skertgbly,  and  A.  J.  Jukes- 
Browne.     8vo.  pp.  127.     Price  2$. 

TN  this  Memoir  we  have  the  accounts  of  the  Oxford  Clay, 
Corallian  Beds,  and  Eimeridge  Clay  of  the  neighbourhood  of 
Willingham,  Upware,  and  Ely.  Mr.  T.  Roberts  has  contributed 
a  revised  list  of  the  Upware  Fossils  (from  his,  as  yet  unpublished, 
Sedgwick  Essay  of  1885) ;  and  Mr.  E.  T.  Newton  has  some  notes 
on  the  Vertebrata  from  the  Eimeridge  Clay,  in  the  collection  of 
Mr.  Marshall  Fisher  of  Ely.  Then  follow*  notes  on  the  Lower 
Greensand  and  its  Coprolite  Beds,  on  the  Gault,  and  on  the  several 
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divisions  of  the  Chalk  which  includes  the  Coprolite  Bed  of  the 
"  Cambridge  Greensand/' 

About  half  the  work  is  devoted  to  Glacial  and  Post-Glaoial 
Drifts,  and  this  includes  notes  by  Mr.  Skertchly  on  beds  at  Culford, 
Mildenhall,  and  other  places,  where  he  obtained  worked  flints, 
believed  by  him  to  have  come  from  strata  older  than  the  Chalky 
Boulder  Clay;  as  Mr.  Whitaker  remarks,  the  question  is  whether 
the  implements  were  really  obtained  from  the  beds  in  which  they 
were  reported  to  have  been  found. 

A  number  of  records  of  well-sections  are  given,  and  there  are 
supplementary  geological  bibliographies  of  Cambridgeshire  and 
Suffolk. 


3.  Explanations  of  Horizontal  Sbotions. 

Nos.  130  to  139  have  been  prepared  by  Mr.  C.  Fox-Stbanowats, 
with  the  assistance  of  Mr.  H.  H.  Howell,  Mr.  Clkuknt  Rbid, 
and  Mr.  Gsorob  Barrow.  They  give  concise  descriptions  of  the 
Jurassic,  Cretaceous  and  other  strata  in  various  parts  of  East 
Yorkshire.  Explanation  of  Horizontal  Section,  Sheet  140,  by  Mr. 
Horace  B.  Woodward,  descnbes  the  Jurassic  and  other  strata  along 
a  line  from  Bishopstone,  near  Hartwell,  to  near  "the  Centre  of 
England "  at  Wibtoft  in  Warwickshire.  These  explanations  are 
issued  to  the  public  at  the  modest  price  of  2d.  each. 


II. — Carboniferous  Cephalopods.  By  Alpheus  Hyatt.  From 
Second  Annual  Report  of  the  Geological  Survey  of  Texas,  1890. 
pp.  329-356.     (Austin,  State  Printing  Office,  1891.) 

THE  descriptions  given  in  this  paper  were  taken  partly  from  a 
collection  forwarded  to  the  author  by  Mr.  E.  T.  Dumble,  State 
Geologist  of  Texas,  partly  from  specimens  belonging  to  the  United 
States  National  Museum,  Washington,  D.C.,  and  partly  from  speci- 
mens belonging  to  private  individuals  whose  names  are  given  in 
connexion  with  the  specific  descriptions.  As  stated  in  an  intro- 
ductory note,  the  forms  here  described  comprise  a  larger  number 
of  Carboniferous  species  than  has  hitherto  been  got  together  in  a 
single  publication.  The  genera  represented  are  divided  between  the 
Nautiloidea  and  the  OoniatitincB.  To  the  former  belong  Temnocheilus 
with  five  species  (ForbesianuSy  latus,  eonchiferus,  depressus,  and 
crassus,  the  last  three  being  new) ;  Metacoceras  with  five  new  species 
{cavatiforms,  dubium,  Walcotiif  Hayi  and  inconspieuum) ;  Tainoeeras 
with  one  new  species  {cafoatum) ;  Domatoceras,  a  new  genus 
allied  to  Centroceras,  represented  by  the  new  species  umhilieatum ; 
Asymptoceras  with  one  new  species  {Newtoni) ;  Phacoceras  with  one 
new  species  (Dumbli) ;  Ephippioceras  with  one  new  species  (divisum)  ; 
and  Endolobus  with  one  new  species  (gibboeus),  llie  OoniatitiruB  are 
represented  by  the  genus  Oastrioceras  with  the  new  species  O.  eom^ 
pressunL    The  descriptions  are  accompanied  by  outline  figures. 


Digitized  by  VjOOQIC 


550       Reviews — NewiorCa  Eocene  and  Oligocem  Mollusca. 

III. — Progkbdings  of  thb  Cotteswolb  Natubalistb*  Field  Club 
FOB  1890-91,  Vol.  X.  Part  2,  1891. 

THREE  of  tbe  four  papers  in  tbie  Number  of  tbe  Proceedings 
are  devoted  to  Geology;  even  tbe  address  of  tbe  President, 
Mr.  W.  0.  Lucy,  is  largely  concerned  witb  tbe  same  science,  giving 
AS  it  does  accounts  of  excursions  to  Lydbrook  and  Symond's  Yat, 
May  Hill,  Eastnor,  Swindon,  and  Avebury. 

Tbe  first  paper  is  by  Mr.  H.  D.  Hoskold,  and  entitled  "Geological 
Notice  upon  tbe  Forest  of  Dean."  In  it  tbe  autbor  gives  a  very  full 
account  of  the  formations,  referring  to  tbe  early  work  of  Buckland 
and  Conybeare,  David  Musbet,  De  la  Becbe,  and  otbers,  and  adding 
a  number  of  new  records  of  tbe  strata  passed  tbrougb  at  various 
collieries.  He  estimates  tbat  tbe.  Forest  of  Dean  contains  nearly 
250  millions  of  tons  of  coal  available  for  use — tbe  amount  raised 
during  1888  was  a  little  over  800,000  tons. 

Professor  Allen  Harker  contributes  a  paper  "  On  tbe  Geology  of 
Cirencester  Town,  and  a  recent  discovery  of  tbe  Oxford  Clay  in  a 
deep  well-boring  at  tbe  Water  Works."  He  gives  accounts  of 
various  wells  in  tbe  neigbbourbood,  and  announces  tbe  discovery 
of  a  small  faulted  tract  of  Oxford  Clay  tbat  was  proved  by  a  boring 
at  Lewis  Lane,  Cirencester.  Important  details  of  tbe  Forest  Marble 
and  Great  Oolite  are  given. 

Dr.  Frederick  Sm'itbe  and  Mr.  W.  C.  Lucy  furnisb  "  Some 
Remarks  on  tbe  Geology  of  Alderton,  Gretton,  and  Asbton-under- 
Hill."  Tbeir  descriptions  refer  to  tbe  Middle  and  Upper  Lias,  and 
tbey  give  lists  of  fossils  from  tbese  formations  at  Alderton  Hiil. 
Among  tbe  records  are  Ammonites  radians  from  tbe  Upper  Lias 
(lower  part),  and  A,  aalensis  from  tbe  Middle  Lias ;  identifications 
wbicb  we  anticipate  will  be  doubted  by  those  wbo  believe  in  the 
rigidity  of  zones. 

I&  E  V  I  E  ^W  S. 

I.— Systematic  List  of  the  Frrdebiok  E.  Edwards  Collection 
OF  British  Oligooene  and  Eocene  Mollusca  in  the  British 
Museum  (Natural  History),  witb  references  to  tbe  type-specimens 
from  similar  horizons  contained  in  other  collections  belonging  to 
tbe  Geological  Department  of  tbe  Museum,  by  Richard  Bullkn 
Newton,  F.G.S.  [Witb  Appendix  by  G.  F.  Harris.]  London, 
printed  by  order  of  tbe  Trustees  and  sold  by  Longmans  &  Co. ; 
B.  Quaritch ;  Dulau  &  Co. ;  and  Eegan  Paul,  Trench,  Triibner 
<fc  Co.,  Paternoster  Housei  Charing  Gross  Road,  W.C.  8vo.  pp. 
zxviii.  and  865,  1891. 

THIRTY-SEVEN  years  have  elapsed  since  tbe  historic  "Catalogue 
of  British  Fossils,"  by  Professor  John  Morris,  saw  its  second 
edition  published  ;  a  modest  work  of  372  pages,  Bvo.,  embracing  all 
classes  of  fossil-remains. 

Since  that  date,  a  long  array  of  British  Fossils  have  been  figured 
and  described,  many  groups  of  the  Invertebrata  being  fully  Mono* 
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fpraphed,  as  for  example,  the  Brachiopoda,  by  Dr.  Davidson;  the 
Sponges,  by  Dr.  Hinde ;  the  Blastoidea,  by  R.  Etheridge  and  P.  H. 
Carpenter;  the  Merostomata,  by  Dr.  Woodward.  In  others  great 
progress  has  been  made  as  in  the  Foraminifera  by  Carpenter,  Parker, 
Jones,  and  Brady;  the  Hydroida  by  Nicholson;  the  Polyzoa,  by 
Busk  and  Vine ;  the  Trilobites  by  Salter  and  Woodward ;  the  £nto* 
mostraca  and  Phyllopoda,  by  Prof.  Bupert  Jones ;  the  Corals,  by 
Prof.  Dunoan ;  the  Echinoidea,  by  Wright ;  the  Decapod  Crustacen, 
by  Bell  and  Woodward ;  the  Cephalopoda,  by  A.  H.  Foord ;  and  the 
Tertiary  Mollnsca,  by  F.  E.  Edwards  and  Searles  V.  Wood. 

In  Catalogues,  serving  as  supplements  to  Morris,  we  have  (1), 
a  complete  "Catalogue  of  British  Fossil  Vertebrata,"  by  Arthur 
Smith  Woodward  and  C.  Davies  Sherbom,  1890,  8vo.  pp.  xxxv.  and 
896 ;  larger  by  51  pages  than  the  spaoe  occupied  by  Morris  for  the 
whole  of  the  classes  of  Plantsd-and  Vertebrata  in  1854.  (2),  Fossils 
of  the  British  Islands  Stratigraphioally  and  Zoologically  Arranged, 
Vol.  I.  Pal^ozoio,  by  R.  Etheridge,  F.R.S.,  4to.  1888,  pp.  475,  giving 
6022  species  from  the  Cambrian  to  the  Permian. 

Mr.  Etheridge  tells  us  that  Vol.  II.  Mesozoic,  and  Vol.  III. 
Cainozoic,  are  9till  in  MS.,  and,  adding  their  contents  to  the  Palasozoio 
volume  already  published,  we  have  18,000  species  of  British  Fossils, 
both  Fauna  and  Flora,  up  to  1888. 

Morris's  Catalogue,  up  to  1854,  records  a  total  of  8359  species ; 
so  that,  according  to  Etheridge,  there  had  been  an  increase  of  at 
least  10,000  species  in  thirty-four  years  from  1854  to  1888. 

The  only  other  catalogues  which  supplement  Morris's  Catalogue 
are  British  Fossil  Crustacea,  by  H.  Woodward,  F.R.S.  (1877) ;  Fossil 
Foraminifera,  by  Prof.  T.  Rupert  Jones,  F.R.S.  (1882)  ;  PalflBOZoic 
Plants,  by  Robert  Kidston,  F.G.S.  (1886) ;  and  lastly  that  of  the 
Edwards  Eocene  Mollusca,  by  Mr.  R.  B.  Newton,  now  before  us 
(dated  25  July,  1891). 

This  important  work  gives  us  a  carefully  prepared  record  of  1229 
described  species  of  British  Eocene  and  Oligocene  Mollusca,  dis« 
tributed  in  255  genera ;  428  being  Lamellibranchiata,  786  Gastero- 
poda, and  15  Cephalopoda. 

In  addition  to  the  whole  of  the  Edwards  Collection,  this  volume 
also  contains  a  record  of  all  the  *' types"  of  Eocene  Mollusca  con- 
tained in  the  Bowerbank,  Brauder,  Brown,  Dixon,  Gardner,  Mantell, 
Prestwich,  Shrubsole,  William  Smith,  Sowerby,  Wetherell,  and  Wise 
Collections,  all  preserved  in  the  British  Museum  of  Natural  History. 
Every  species  bears  after  it  its  author's  name,  the  date  when  given, 
and  references  to  the  principal  works  where  it  has  been  figured  and 
described,  with  its  synonyms,  and  lastly  the  horizon  and  locality  in 
"which  it  occurs. 

570  MS.  names  of  species,  proposed  by  F.  E.  Edwards,  are  also 
given ;  but  as  these  have  never  been  described,  they  cannot  be 
considered  as  of  value,  save  as  indicating  that  Mr.  Edwards 
believed  they  marked  new  and  undescribed  species.  Many  of 
these  names  have  been  printed  in  various  lists  previous  to  the 
publication  of  Mr.  Newton's  Catalogue;  and  the  author  states  (in 
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bis  Introdncdon,  page  ▼)  bis  intention  to  describe  and  figoie  all 
tboM  specimens  bearing  HS.  names  in  dne  coorse ;  we  bope  be  will 
keep  bis  resolution  strong,  and  get  tbem  all  as  speedily  as  possible 
stamped  witb  tbe  imprimator  of  antbority. 

Apart  from  tbis,  tbe  work  is  a  step  in  tbe  right  direction,  wbicb 
all  wbo  are  interested  in  Malacology  will  be  delighted  to  weloonie. 
For  many  years  past  tbe  nomenclatore  adopted  for  the  fossil  MoUnsca 
in  England  has  been  macb  behind  tbe  times,  many  quite  dissimilar 
forms  being  frequently  included  in  the  same  genns.  In  tbe  work 
before  ns,  as  tbe  result  of  recent  researches,  many  of  these  old 
genera  have  been  split  np  into  two  or  more  genera,  and  although 
tbe  older  workers  may  denounce  this  as  fiercely  as  in  Joshua's  days 
they  coned  the  man  who  removed  his  neighbour's  landmark,  never- 
tbeless,  in  a  more  calm  and  philosophical  state  of  mind,  we  are 
compelled  to  admit  that  these  adjustments,  if  honestly  and  judiciously 
made,  must  be  of  material  assistance  to  tbe  student  in  the  future, 
especially  if  be  is  attempting  to  correlate  (as  he  ought)  tbe  reoent 
with  tbe  fossil  forms. 

This  reyision  has  not  been  carried  out  always  with  equal  rigoar 
by  tbe  author.  The  old  genus  Ceriikivm^  for  example,  has  been 
Tery  properly  split  up  into  several  genera;  but  Flenrotomaj  which 
also  needed  revision,  is  retained  in  full  force,  although  numerous 
Malaoologists  have  shown  that  it  comprises  many  genera  well 
known  to  tbe  student  of  living  molluscs. 

Again,  tbe  genus  ChrysodomMM,  in  the  work  before  ns,  includee 
a  number  of  diverse  forms  which  might  have  been  dealt  witb  more 
analytically  by  the  author. 

In  a  first  attempt  at  completing  such  a  task  as  was  left  behind 
unfinished  by  F.  £.  Edwards  and  Searles  Y.  Wood,  it  must  necessarily 
follow  that  much  more  is  needed  before  the  work  can  be  said  to  be 
thoroughly  accomplished. 

In  carefully  following  the  original  authors  in  their  varied  spelling 
of  species,  and  terminations  of  the  names,  Mr.  Newton  has  laid 
himself  open  to  criticism  from  the  more  exact  writera  on  reoent 
and  fossil  shells,  wbo  would,  in  their  earnest  desire  for  uniformity, 
alter  tbe  terminations  of  such  names  so  as  to  bring  tbem  all  into 
one  regular  line,  like  a  regiment  under  inspection  ;  but,  unless 
absolutely  a  misspelling,  many  writers  consider  such  alterations  of 
names  actually  wrong. 

Thus  Desbayes'  name  is  used  specifically  in  eight  different 
genera,  and  by  as  many  different  authors,  four  species  being  spelt 
DeshayeMti,  and  four  Deshayen.  Similarly,  we  have  Bowerbankii  on 
page  22,  and  Bowerbanki  on  page  219;  WethereUii  on  page  26,  and 
Wetherelli  on  page  215.  In  each  case  tbe  names  are  by  different 
authors,  and  given  according  to  their  own  notions. 

Some  few  specific  nam  en  vary  to  tbe  extent  of  two  final  letters. 
Thus  we  have  Cardium  Etheridgii,  p.  51,  and  Helix  Eiheridgei,  p.  270; 
Aporrhais  Sowerhii  (p.  97)  BulUneUa  Sowerbyi  (p.  i266),  and  Plonor- 
hi$  Sowerbyi  (p.  283) ;  but  different  authors  have  each  adopted  their 
own  termination,  and  these  Mr.  Newton  has  retained  and  respected. 

In  the  matter  of  generic  names,  and  tbe  changes  which  they  have 
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undergone,  it  wonld  be  no  exaggeration  to  say  that  nambers  of  these 
genera  have  now  as  many  aliases  as  a  notoiious  pickpooket  or  a 
orack  burglar. 

If  opinion  as  to  the  lines  upon  which  alterations  of  names  should 
be  made  was  only  unanimous,  much  labour  would  be  spared.  Borne 
Naturalists  hold  that  a  name  used  for  a  genus  of  Vertebrates,  as 
Falaoniseus,  Blainville,  1818,  for  a  genus  of  fossil  fishes;  and 
PalaaniacuSf  Milne-Ed w.,  1843,  for  a  genus  of  fossil  Isopods,  need 
never  disturb  our  peace  of  mind  or  our  nomenclature ;  hut  it  seems 
to  be  considered  desirable  that  such  repetitions  should  as  far  as 
possible  be  eradicated  from  the  Index  Zoologicus, 

Names,  once  familiar  as  household  words,  are  now  constantly  being 
swept  away,  and  all  our  ancient  landmarks  cast  down.  But  we  are 
told  it  is  for  our  good,  and,  like  the  "  nasty  doctor's  stuflF,"  we  are 
bound  to  swallow  it  We  would  like,  however,  to  see  these  changes 
effected  with  more  reverent  and  careful  hands,  and  without  that 
indecent  haste  which  too  oft«n  marks  the  action,  as  if  the  alteration 
of  a  name  were  a  noble  achievement  in  science,  whereas  it  too  often 
simulates,  but  in  a  more  humble  sphere,  those  barbarian  conquerors 
of  Egypt  or  of  Nineveh,  who  erased  every  preceding  monarch's 
name  on  temple  and  on  palace  and  substituted  their  own.  There  is 
something  more  in  science  than  a  name,  and  those  who  would  earn 
the  gratitude  of  posterity  may  do  so  by  adding  to  the  walls  of  her 
ever-rising  temple  some  well- worked  stones :  let  whoever  will,  after- 
wards, out  or  scratch  his  name  thereon,  he  will  at  least  have  the 
nobler  satisfaction  of  having  done  a  piece  of  solid  work. 

The  Introduction  deals  with  the  alterations  in  nomenclature  made 
by  the  author;  there  is  a  good  Bibliography  (pp.  299-326),  followed 
by  a  very  useful  Appendix  prepared  by  Mr.  George  F.  Harris, 
F.Q.S.,  "  On  the  Correlation  of  British  with  Continental  Tertiary 
Strata,"  illustrated  by  a  series  of  small  tables  and  a  large  folding- 
table,  which  gives  the  equivalents  for  each  horizon,  as  far  as  possible, 
for  English  and  Foreign  localities  where  Tertiary  fossils  have  been 
obtained.  This  cannot  fail  to  prove  most  useful  to  all  students  and 
workers  in  these  deposits  and  is  an  excellent  piece  of  work. 

We  congratulate  Mr.  Newton  on  the  completion  of  his  Catalogue, 
and  hope  he  will  follow  it  up  with  figures  and  descriptions  of  the 
new  or  little  known  species  of  Eocene  shells  in  the  Edwards 
Collection  in  the  British  Museum. 


II. — Thb  Eooens  and  Olioooenb  Bbds  of  the  Pabis  Basin.  By 
George  F.  Harris,  F.G.S.,  and  Henry  W.  Burrows,  A.R.I.B.  A. 
(A  Paper  read  before  the  Geologists'  Association  April  3,  1891). 
Published  by  Edward  Stanford  (Price  3».).  8vo.  pp.  viii.  and 
130.  September  23rd,  1891.  Illustrated  by  a  Geological  Map 
and  numerous  Sections. 

THE  Geologists'  Association  can  no  longer  be  spoken  of  as  a  young 
Society,  and  hardly  deserves  the  title  of  a  Society  of  Amateur 
Geologists.  It  vras  established  in  1859,  and  is  consequently  in  its 
thirty-third  year,  and  numbers  amongst  its  550  members  a  large 
proportion  of  the  most  eminent  and  aooomplished  geologists  and 
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paliBontologists  in  England.      Its  Proceedings  have  beoome   the 
depository  of  a  most  valaable  series  of  Memoirs ;  the  records  and 
illustrations  of  its  excursions,  which  extend  to  Belgium,  France* 
and  Italy,  form  a  volume  by  themselves ;   and  having,  if  we  may 
assume,   exhausted    the   geology  and  palaeontology  of  their  own 
country,    they   are    attacking    and    peacefully   re-conquering    the 
aacient  country  of  France,   by  publishiug,  in  a  separate  form,  a 
Memoir  on   the   Eocene  and   Oligucene  Beds  of  the  Paris  Basin. 
The  authors  of  this  work  have  qualified  themselves  for  the  task  by 
repeated  careful  examinations  of  the  French  Tertiary  area,  and  one 
of  them  by  an  extended  traverse  over  other  parts  of  the  Tertiary 
formations   of  Europe.     They  justify   the    special   study   of    the 
French  Tertiaries  on  the  ground  ''  that  no  adequate  conception  can 
be  formed  as  to  the  meaning  and  value  of  our  own  Tertiary  beds  and 
their  organic  remains  without  conjointly  studying  those  on  the  other 
side  of  the  Channel — especially  in  regard  to  the  palasontological 
aspect  of  the  subject."    They  point  out  that  the  MoUusca  have 
always  afforded  the  best  basis  for  correlating  the  several  horizons 
in  France,  Belgium,  and  England,  by  reason  of  their  abundance, 
their  wide  distribution,  and  the  very  perfect  state  of  preservation  in 
which  they  occur,  especially  in  the  Paris  basin ;  so  that  the  French 
area  supplies,  as  it  were,  the  key  by  which  to  open  up  and  interpret 
correctly  the  sequence  and  life-history  of  other  Eocene  and  Oligooene 
strata  in  neighbouring  areas. 

The  authors  deal  especially  with  the  MoUusca,  and  in  order  to 
equip  themselves  thoroughly  for  the  task,  they  have  worked  very 
carefully  and  critically  over  the  great  French  collection  acquired 
from  Q.  P.  Deshayes  some  forty  years  since,  and  preserved  in  the 
Geological  Department  of  the  British  Museum  (Natural  History). 
These  specimens  bear,  in  almost  every  case,  Deshayes*  original  labels, 
and  therefore  form  a  valuable  basis  for  fixing  their  nomenclature 
even  where,  as  in  so  very  many  instances,  these  names  have  now  to 
be  exchanged  for  more  modern  and  presumably  more  correct  deter- 
minations. They  have  also  visited  and  examined  the  chief  collections 
in  Continental  Museums. 

Pages  1-44  of  this  Memoir  are  occupied  with  a  carefully  prepared 
description  of  the  Eocene  and  Oligocene  Beds  of  the  Paris  Basin, 
well  illustrated  with  sections  at  Issy  ;  at  Cuise-la-Motte  ;  at  Arcueil ; 
at  A u vers ;  near  Ver,  on  the  road  to  Ermenonville  ;  at  La  Chapelle- 
en-Serval ;  at  Butte  d'Orgement ;  and  Quarry  of  Vintue,  near  fetrechy. 
In  each,  the  lithological  characters  of  the  several  beds  are  clearly 
given,  as  well  as  the  typical  MoUusca  which  mark  each  horizon. 
This  is  followed  (pp.  44-56)  by  an  Outline  Guide  to  the  principal 
sections  and  fossiliferons  localities.  Here  is  useful  practical  advice 
to  collectors  (p.  46).  '•  A  word  or  two  as  to  the  collection  of  fossil 
may  be  useful.  Strong  calico  bags  of  various  sizes,  but  mostly  large, 
say  12 in.  by  Tin.  to  Tin.  by  4 in.  are  the  best  receptacles  for  fossils, 
and  they  should  be  so  made  that  the  month  can  be  drawn  together 
and  tied  by  tape.  A  brass  ring  sewn  on  enables  several  bags  to  be 
threaded  on  a  strap  and  carried  with  ease,  without  fear  of  breaking." 

'*  Sift  I  is  the  watch  ward  in  the  Paris  area,  as  the  smaller  species  of 
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mollusca  are  always  missed  if  this  be  neglected.  Two  wire  sieves, 
one  sixteen  mesbes  and  the  other  eight  meshes  to  the  linear  inoh, 
are  suitable.  A  hammer  is  not  often  required ;  a  pointed  trowel, 
with  a  blade  5  in.  or  G  io.  long,  is  exceedingly  useful  for  taking 
up  the  loose  material.  Some  chip  boxes,  to  hold  the  rarer  or  more 
delicate  species,  should  be  provided.  A  written  label,  tied  to  the 
ring  of  each  bag,  shows  at  a  glance  the  locality  and  formation  of 
the  contents.  For  the  fossils  of  the  Sables  Inferieurs,  some  preserva- 
tive, snch  as  potassio  silicate,  is  required ;  or  they  may  be  brought 
away  wrapped  in  cotton-wool,  and  subsequently  treated.  But  by 
far  the  greater  number  of  the  fossils  are  in  a  magnificent  state  of 
preservation,  and  are  easily  collected  and  carried  without  the  least 
risk  of  fracturing  them."  Thus  equipped,  and  with  Messrs.  Harris 
and  Burrows  for  travelling  companions,  we  visit  more  than  eighty 
localities,  and  have  a  really  good  time.  Those  who  cannot  arrange 
to  be  "  personally-conducted "  by  the  authors,  must  spend  **  three 
shillings  nett,"  and  have  the  benefit  of  their  printed  directions,  with- 
out which  it  will  be  next  to  impossible  to  make  a  successful  tour  to 
the  many  widely-separated  rural  French  districts.  And  here  the 
excellent  Map,  which  accompanies  this  book,  proves  most  useful. 

The  last  section  (pp.  67-129)  is  occupied  with  a  description  of  the 
Palsdontology  of  the  Eocene  and  Oligocene  Beds  of  the  Paris  Banin. 

The  authors  have  received  the  assistance  of  Mr.  Arthur  Smith 
Woodward  with  the  Vertebrata  (a  careful  list  of  which  is  given, 
including  Mammalia,  19  species;  Aves,  12;  Reptilia,  10  species; 
Pisces,  33  species).  The  Arthropoda  are  ci^Bdited  with  6  genera; 
the  Echinoidea  with  14  species ;  the  Brachiopoda  with  20  species ; 
the  Bryozoa  with  4  species;  the  Actinozoa  with  11  species;  the 
Foraminifera  are  too  numerous  to  catalogue.  The  Plantar  are  briefly 
referred  to.  References  are  given  to  authors  for  the  several  groups ; 
so  that  the  student  may  go  to  the  original  works  in  every  case. 

ITie  Mollusca  occupy  from  pp.  63-124.  Tables  are  given  of  all 
the  species,  arranged  with  columns  showing  the  range  of  each  from 
the  Lowest  Eocene ;  the  Lower  Eocene ;  the  Middle  and  Upper 
Eocene.  The  Oligocene  Mollusca  form  a  separate  table.  These 
Tables  of  Qenera  and  Species,  which  occupy  48  pages  of  the  work, 
produce  the  following  summary. 

For  the  Eocene  Beds  of  the  Paris  Basin  :— -> 

Pelecypoda  or  Lamellibranchiata  'including  additional  species 

on  paee  114  supplied  by  Cossmann) 1083 

Oligocene  Lamellibranchiata      112 

1196 

Eocene  Gasteropoda  (including  additional  species  supplied  by 

Cossmann,  pp.  114-116)     2062 

Oligocene  Gasteropoda       177 

Gasteropoda  Pulmonata     70 

2309 

Eocene  and  Oligocene  Scapbopoda    32 

32 

Eocene  Cephalopoda 19 

19 

Total    8666 
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These  figares  oonyey  an  idea  of  the  extreme  ricbnefis  of  the 
Mollucao  fauna  of  the  Paris  Basin,  and  show  it  to  be  at  least  three 
times  as  rich  in  species  as  the  Eocene  and  Oligocene  beds  of  the 
English  area.  This  richness  in  speoies  is  also  borne  out  in  the  vast 
numbers  of  individuals  of  the  more  common  forms  '  whose  name  is 
legion '  in  some  spots. 

We  cannot  close  this  brief  notice  without  referring  to  the  vast 
labour  entailed  by  the  preparation  of  a  list  of  upwards  of  300O 
species,  giving  the  range  of  eaoh.  Of  course  the  works  of  Cossmann, 
Deshayes,  and  many  others,  have  been  used  to  aid  this  compilation, 
but  the  critical  knowledge  and  care  possessed  and  exercised  by  the 
authors  could  alone  insure  this  part  of  the  work  being  carried  out 
correctly.  The  authors  acknowledge  that  they  have  had  valuable 
assistance  in  correcting  their  proofs  from  Mr.  F.  A.  Bather,  M.A., 
F.G.S.,  and  in  their  biography  from  Mr.  C.  Davies  Sherbom,  F.G.S. 
There  is  an  Index  of  Species  and  a  General  Index  is  also  provided. 

We  heartily  congratulate  the  authors  on  this  valuable  piece  of 
work,  and  the  Geologists'  Association  upon  their  courage  in  incurring 
the  very  large  expense  of  printing  it,  which  we  sincerely  trust  thej 
may  recover  on  the  sale  of  this  very  useful  Memoir. 


III. — The  Phtsioal  Gbologt  amd  Geogbaphy  of  Ibeland.  By 
Professor  Edwabd  Hull,  M.A.,  LL.D.,  F.R.S.,  Second  Edition, 
Bevised,  pp.  328.    (London  :  Edward  Stanford,  1891.    Price  7«.) 

AFTEB  an  interval  of  thirteen  years  the  author  has  given  us  a 
revised  edition  of  his  useful  book,  and,  as  he  remarks,  it 
comes  by  a  happy  coincidence  concurrently  with  the  completion  of 
the  Geological  Survey  of  the  country  with  which  it  deals.  In  bulk 
the  work  is  larger  by  37  pages,  and  it  contains  three  more  illustrations. 
Considerable  portions  of  the  work  remain  as  in  the  original  edition, 
but  here  and  there  corrections  and  additions  have  been  made ;  the 
more  important  supplementary  matter  relating  to  the  Arch»an  rocks, 
the  Devonian  rocks,  the  Volcanic  rocks  of  Antrim,  and  to  ''the 
invasion  of  Ulster  by  a  great  ice-sheet  from  the  Grampian  Mountains 
of  Scotland." 

The  work  was  reviewed  at  considerable  length  in  the  Gbolooioai^ 
Magazine  for  March  and  April,  1878  (pp.  121  and  167),  and  it  is 
therefore  needful  only  to  draw  attention  to  a  few  points  in  our 
present  notice. 

In  the  former  edition  Prof.  Hull  commenced  with  the  Cambriaa 
rocks ;  he  now  decides  to  "  commence  with  the  Archaean  rocks, 
which  are  the  oldest,  and  follow  the  course  of  the  geological  record 
downwards"  (some  would  prefer  to  say  tipwards).  A  couple  of 
pages  serve  to  tell  all  the  author  has  to  say  about  these  oldest  of 
rocks,  which  consist  chiefly  of  *'  gneiss  with  masses  of  schist"  The 
principal  areas  occupied  by  these  rocks  are  shown  on  the  neat  little 
geological  map  which  accompanies  this  work,  and  the  author  candidly 
states,  though  in  language  that  savours  of  a  "  bull,"  that  with  regard 
to  his  former  conclusion  (in  1882)  that  the  granitic  and  gneissio 
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rookB  of  north-west  Donegal  were  of  Arcbiean  age,  '<  this  Tiew, 
for  which  there  is  muoh  conflicting  evidence,  I  have  been  obliged  to 
abandon."  We  think  the  anthor  is  right  in  using  the  term  ArchsBan 
as  a  general  group-name  for  rocks  considered  to  be  Pre-Cambrian  ; 
but  he  makes  no  reference  to  the  term  **  Dalradian  "  (derived  from 
the  old  kingdom  of  Dalriada  in  the  north  of  Ireland),  that  hats  lately 
been  suggested  by  Sir  A.  Geikie  for  the  crystalline  schists  of  the 
north  of  Ireland  and  the  centre  and  south-west  of  Scotland.  Already 
Prof.  Hull's  remarks  on  the  "  Lower  Silurian "  rocks  of  Donegal 
may  need  revision. 

In  his  account  of  the  Old  Red  Sandstone  the  author  employs  the 
name  Devono-Silurian  for  the  Olengariff  Grits  and  Dingle  Beds, 
which  he  regards  as  equivalent  to  the  Downton  Sandstones  of 
Hereford  and  the  Foreland  grits  and  slates  of  North  Devon.  These 
beds  are  surmounted  unoonformably  by  the  Upper  Old  Red  Sand- 
stone, and  thus  there  is  a  great  gap  that  may  be  elsewhere  repre* 
sented  by  the  Middle  Devonian. 

Indications  are  given  of  the  zones  in  the  Carboniferous  Limestone, 
for  the  recognition  of  which  the  labours  of  De  Eoninck  are 
acknowledged. 

Some  criticisms  are  called  for  by  the  Table  of  Formations  given 
on  page  3,  for  the  <*  Liassic  group "  is  separated  from  the  "  Oolitic 
or  Jurassic  group."  Hence  the  author  is  led  to  remark  that  the 
whole  of  the  Jurassic  series  is  unrepresented  in  Ireland,  whereas 
it  is  customary  to  include  both  Lias  and  Oolites  in  the  Jnrassio 
system.  Again  he  has  given  in  upward  succession  above  the  Oolitic 
or  Jurassic  group,  and  ranged  in  similar  type  as  if  equivalent  in 
value,  the  Purbeck  Beds,  Wealden  Beds,  Neocomian  Beds,  and  the 
Lower  Cretaceous  Beds ;  a  very  unfortunate  grouping  to  say  the 
least  of  it,  although  it  is  true  that  these  formations  are  simply  noted 
for  the  sake  of  comparison  with  those  represented  in  Ireland. 

The  author  criticizes  the  view  (put  forward  by  Sir  A.  Geikie) 
that  the  trachytes  and  pitchstones  of  Antrim  are  far  younger  than 
the  surrounding  basaltic  sheets,  and  he  refers  to  the  occurrence  of 
numerous  pebbles  of  Tardree  trachyte  in  the  stratified  ash-beds 
which  overlie  the  lower  basaltic  sheets  in  certain  localities. 

The  Pliocene  age  of  the  clays  of  Lough  Neagh  is  still  maintained 
by  the  author,  although  the  occurrence  of  *'  bivalve  shells  resembling 
a  species  of  TJnio,  or  Mytilus*^  cannot  be  said  to  count  for  much. 

A  good  description  of  the  Glacial  Drifts  follows.  These  include 
Lower  Boulder-clay,  Middle  Sand  and  Gravel  and  Upper  Boulder- 
clay.  "  The  Lower  Boulder-day  is  the  most  extensively  distributed 
of  all  the  Post- Pliocene  deposits  in  Ireland."  It  is  a  stiff  clay  with 
striated  blocks.  The  "Middle  Sand  and  Gravel"  is  stated  to  contain 
marine  shells  in  various  places,  and  "may  be  regarded  as  a  formation 
of  marine  origin,  which  has  been  strewn  over  the  bed  of  a  com- 
paratively shallow  sea."  Yet  we  find  it  at  elevations  of  1300  feet. 
The  author  is  disposed  to  think  that  floating  ioe  may  have  had 
something  to  do  with  the  accumulation  of  some  of  these  gravels ; 
but  he  is  led  to  infer  a  great  depression,  which  must  have  reached 
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1600  feet  below  the  existing  level.  How  to  reconcile  all  the  facta 
and  explanations  is  left  a  good  deal  to  the  imagination  of  the  reader. 

The  formation  of  the  Lower  Boulder-clay  is  held  to  be  due  to  ice, 
*'  either  in  the  form  of  a  glacier,  or  of  a  sheet  spread  over  the 
country,  and  moving  in  certain  directions."  The  Upper  Boulder- 
clay,  which  by-the-bye  **may  easily  be  mistaken  for  the  Lower 
Boulder-clay,"  sometimes  shows  traces  of  stratification,  and  is  "just 
such  a  deposit  as  might  be  supposed  to  have  been  formed  under 
the  sea,  the  waters  of  which  were  laden  with  ice-rafts  and  berg« 
bearing  stones  and  boulders  which  would  constantly  fall  to  the 
bottom  as  the  ice  melted  away  ;  while  these  waters  were  themselves 
rendered  turgid  by  streams  from  glaciers  entering  from  Yarioas 
directions." 

The  first  part  of  the  work  is  thus  taken  up  with  an  account  of 
the  many  geological  formations  that  occur  in  Ireland  ;  the  second 
part  deals  with  physical  geography,  with  the  '  birthday '  of 
mountains,  the  origin  of  the  Central  Plain,  and  of  river  valleys  and 
lakes ;  and  the  third  part  is  devoted  to  the  Glaciation  of  the  country, 
concluding  with  some  account  of  the  Prehistoric  Mammalia. 

The  work  is  pleasantly  written  and  well  calculated  to  arouse  an 
interest  in  Irish  geology  ;  and  from  its  containing  the  matured  views 
of  one  who  for  many  years  directed  the  Geological  Survey  of  the 
country,  it  will  be  read  with  interest  by  geologists  in  generaL 


IV. — Some  Eeoent  Mbmoibs  on  Paljbozoio  Obtragoda. 

J TTLRICH,  B.  0.,  describing  some  new  or  little-known  North- 

ij  American  Palaeozoic  Ostracoda  (Joum.  Cincinnati  Soc. 
Nat.  Hist.,  1890  and  1891)  adds  very  considerably  to  oar  knowledge 
of  the — 1.  "  Lower  Silurian ;"  2.  •'  Upper  Silurian  and  Devonian  ;" 
and  3.  '<  Carboniferous  "  species.  In  the  first  group  he  finds  reason 
to  separate  some  known  forms  from  Beyrichia  as  types  of  the  new 
genera  Ctenoholbina  (with  5  species)  and  Tretradella  (1  species)  ; 
and  to  institute  the  new  genera  Drepanella  (6  species)  and  JoneseUa 
(4  species),  both  near  Bollia,  The  other  genera  of  this  group,  from 
Ohio,  Kentucky,  Tennessee,  Indiana,  Illinois,  and  Minnesota,  here 
described  and  figured,  are  EntomiSf  1  sp. ;  Pontoeypris  (?),  1  sp. ; 
Bollia,  5  spp. ;  Placentula,  2 ;  Beyrichia,  1 ;  Eurychilinay  6 ;  Primitia^ 
11 ;  Aparchites,  1 ;  Leperditia,  5  (including  a  clear  determination 
of  L.fabulite8y  Conrad)  :  and  Isochilina,  6  (one  from  Ontario).  The 
second  group  come  from  Indiana,  Ohio,  and  New- York  State,  and 
consist  of  Leper ditia,  Isochilina,  Aparchites^  and  Entomis,  1  sp.  each ; 
jEchmina,  2  spp, :  Halliella,  gen.  nov.,  1 ;  Ctenoholbina,  5 ;  Bollia^ 
2  ;  Beyrichia,  3 ;  Moorea,  1 ;  Kirkhya,  3 ;  Octonaria,  4 ;  Byihoeypris, 
3 ;  Bairdia  and  Pachydomella,  gen.  nov.,  1  sp.  each  ;  and  Barychilina, 
gen.  nov.  2.  The  third  (Carboniferous)  group  comprises — Leper* 
ditia,  1  sp. ;  Primitia,  4  spp. ;  Ulrichia,  2 ;  Beyrichia,  2  ;  BoUia  and 
Moorea,  1  each ;  Kirkhya^  6 ;  Cypridina,  Cytherella,  Bairdia,  and 
Pontoeypris  (?),  1  sp.  each.    The  species  are  illustrated  in  eighteen 
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plates  with  numeroas  figures  in  each,  rather  rough  in  execution,  hut 
sufficiently  true  in  essential  features. 

II. — JoNBS,  T.  R.,  in  the  Contrihutions  to  Canadian  Mioro- 
Palsaontology,  part  iii.  1891,  pages  67-99,  plates  x.-xiii.  describes : — 
1.  Fifteen  species  and  varieties  of  Ostracoda  from  the  Cambro- 
Silurian  of  the  Provinces  of  Ontario  and  Quebec  and  of  Lake 
Winnipeg,  thirteen  being  new;  2.  Nineteen  from  the  Silurian  of 
Anticosti  and  the  Saskatchewan  district,  including  ten  new  forms ; 
3.  Nine  from  the  Devonian  of  Lake  Winnepegosis,  the  Athabasca 
River,  Ontario  (Thedford),  and  the  Hay  River  near  the  Great  Slave 
Lake,  six  being  new.  The  close  alliance  of  so  many  forms  generically 
and  specifically  is  noticed,  and  the  varietal  links  defined  ;  more 
especially  the  earlier  representative  forms  or  predecessors  of  species 
flourishing  at  a  later  period.  Such  predecessors,  if  not  directly  and 
genetically  related,  certainly  occur  in  older  deposits. 

Thus  the  well-known  Trenton  species  Leperditia  fahtdites  and 
Louckiana  are  scarcely  distinguishable  from  some  forms  of  the  later 
Silurian  L.  Hisingeri ;  and  L.  labrosa  is  very  close  to  L.  margiuata 
of  the  same  date.  Even  X.  halthica  has  a  corresponding  form,  of 
little  difference,  in  the  Chazy,  here  designate^  var.  primceva. 

Other  North* American  Ostracods  were  described  and  figured  in 
the  Quart.  Joum.  Qeol.  Soc.  1890,  pages  1-31,  plates  1-4,  and 
pages  533-^56,  plates  20-21.  It  may  be  noted  that-— (1)  **Primitia 
Morgani"  p.  5,  pi.  4,  fig.  6,  is  now  Ulrichia;  (2)  ^*  Beyrichia 
Btichiana9"  at  page  16,  pi.  3,  fig.  25,  is  probably  an  imperfect 
specimen  of  Ulrich's  B.  persuleata ;  (3)  ''  Beyrichia  Clarkei "  at 
page  17,  woodcut  fig.  2,  is  almost,  if  not  quite,  a  Bollia ;  (4)  The 
new  genus  proposed  by  Mr.  Ulrich  for  B.  eiliata  {note,  p.  19)  and  its 
allies  is  CtenoboWina ;  (5)  "  ^g,  17 "  at  p.  27,  3rd  line  from  the 
bottom,  should  be  "  fig.  12  " ;  (6)  "  Primitia  WaleotU,*'  p.  643,  wood- 
cut fig.  1,  agi*ees  with  Mr.  Ulrich's  genus  Barychilina;  (7)  The 
Canadian  specimens  enumerated  at  pages  550-554  have  been  de- 
scribed in  detail,  together  with  others,  in  part  iii.  of  the  "Contributions 
to  Micro-PalsBontology,"  1891. 

III. — Ebausb,  a. — Wissenschad.  Beil.  Programm  Luisenstadt. 
Oberrealschule,  Berlin,  1891 ;  and  Zeitsoh.  Deutsch.  geol.  Qesell. 
1891,  pages  488-521,  plates  29-33.  The  Ostracoda  found  in  the 
Silurian  rocks  of  the  gravel-drift  of  North  Germany,  as  determined 
by  the  author  and  others,  are  here  enumerated  ;  and  forty-six  species 
are  critically  noted  and  figured.  In  a  comprehensive  Table  of  these 
North-German  fossils  (pp.  514-521)  84  species  (20  of  them  new), 
besides  several  varieties,  belonging  to  18  genera,  are  enumerated, 
and  their  distribution  shown  according  to — 1.  Their  association  with 
certain  typical  species  of  Strepula  and  Beyrichia :  2.  Their  occurrence 
in  three  kinds  of  Lower- Silurian  rocks  (27  species) :  2.  In  three 
Upper-Silurian  rocks  (57  species)  :  4.  Occurrence  in  the  Prussian 
districts :  5^  The  probable  origin  of  some  species  from  Sweden  and 
the  Baltic  Provinces. 

T.  R.  J. 
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Addbesb  to  thk  Oeolooioal  Seotion  of  ths  Bbitish  Associa- 
tion, BY  Pbofbssob  T.  Bupebt  Jones,  P.R.S.,  F.G.S.,  President 
of  the  Section,  Cardiff,  Augast  19th,  1891. 

{Concluded  from  the  November  Number^  p.  624.) 

Looking  at  these  Coal-measures  alone,  and  considering  that  slow  de- 
pression accompanied  their  formation,  the  mind  is  strained  in  estimating 
the  time  required  for  the  gradual  subsidence  to  10,0iX)  feet^  with  shallow 
water  always  in  place,  and  jungle  growing  steadily  after  jungle,  inundation 
following  inundation  at  intervals, — and  is  somewhat  confused  in  reasoning 
on  the  possible  causes  and  the  exact  processes  by  which  not  only  the 
sinking  of  this  region  of  the  earth's  crust  was  brought  about,  but  how,  in 
turn,  the  10,000  feet  of  new  accumulations  and  deposits  were  raised  into 
the  great  imdulations,  which  Professor  Ramsay  has  described  and  depicted 
in  his  Memoir  before  mentioned,  and  how  and  when  they  were  slowly  worn 
down  day  by  day  into  the  present  beautifully  varied  surface  of  South 
Wales  and  adjacent  country. 

I  may  here  remark  that  the  analogous  coal-field  of  Nova  Scotia,  investi- 
gated by  Sir  W.  £.  Logan,  Sir  J.  W.  Dawson,  and  others  has  a  thickness 
of  14,570  feet,  including  seventy-six  seams  of  coal  and  ninety  distinct 
Stigmarian  underdays. 

Mr.  W.  Galloway  communicated,  in  1885,  to  the  Cardiff  Naturalists' 
Society  ^  some  valuable  observations  on  both  the  vertical  and  the  horizontal 
occurrence  of  different  coals  in  South  Wales ;  and  showed  by  a  map  (pL  iiL) 
where  the  '  seam-coal '  mainly  exists  in  the  large  eastern  third  ;  the 
'  intermediate  coal '  in  the  narrow  middle  third  ;  and  '  anthracite '  in  the 
tpestem  third  of  the  Qlamorgan-Monmouthshire  area.  He  refers  to  the 
gradual  transition  from  bituminous  to  anthracitic  coal  along  a  hypothetical 
plane  passing  through  the  coal-field,  with  its  major  axis  lying  E.N.E. — 
W.S.  W.,  and  its  minor  axis  dipping  at  a  very  low  angle  towards  S.S.E.  He 
accepts  Professor  Geikie's  tabular  scheme  of  the  strata  at  p.  24.  Mr.  W. 
Galloway  has  favoured  me  with  the  following  remarks  on  the  vertical  place 
of  the  several  kinds  of  coal  in  the  series  : — "  The  Umg-flaming  bitummous 
seams  are  about  700  yards  higher  in  the  ground  than  the  semi-bituminous 
seams  ;  the  semi- bituminous,  or  good  steam-coal  seams  are  200  or  300 
yards  above  the  dry  steam-coal  seams;  the  last  are  perhaps  300  yards 
above  the  bastard  anthracites  ;  and  these  inferior  anthracites  may  be  400 
yards  or  more  above  the  perfect  anthracites.  You  have  thus  somewhere 
about,  say,  1500  or  1600  yards  from  the  long-flaming  coals  to  the 
anthracites.  It  may  be  a  good  deal  more  in  some  parts  of  the  coal-field  ; 
but,  as  the  deepest  shaft  is  only  about  800  yards,  we  cannot  get  a  direct 
measurement." 

Of  these  three  sorts  of  coal — ^tne  lona-flaming  dry  coals  above  have  some 
seams  suitable  for  gas-making ;  the  middle  are  caking  coal,  good  for  making 
coke  ;  the  others  produce  dry  steam-coal  and  anthracites. 

6.  Output  of  Coal  in  South  Wales. — The  following  is  the  official  account 
of  the  quantity  of  coal  raised  in  South  Wales  last  year  as  compared  with 
that  got  ten  years  ago  : — 

*  Trans,  vol.  xvii.  1886,  pp.  20-34. 
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Table  showing  the  Output  of  Coal  in  the  South  Wales  Distriet  in  the  Tears 
1880  and  1690. 


County. 

1880. 

1890. 

Increase  or 

Decrease  in  the 

ten  years. 

Breconshire 

Caemarthenshire 

Glamorganshire   

Monmouthshire    

Pembrokeshire      

Totals:   South  Wales. 

Tons. 

100,616 

625,933 

15,320,096 

6,039,549 

79,386 

Tons. 

259,260 

762,032 

21,426,416 

6,895,410 

71,908 

Tons. 

+  158,644 

+  136,099 

+6,106,319 

+  1,856,861 

-7,478 

21,166,580 

29,415,026 

+8,249,445 

Total  Output  for  the  United  Kingdom. 


1880. 

1890. 

Total  Increase  in 
the  ten  years. 

Enjfland,  Wales,  Scot-  ) 
land  and  Ireland  ...  ( 

Tons. 
146,969,409 

Tons. 
181,614,288 

Tons. 
34,644,879 

Dr.  £.  Hull  refers  to  the  increased  production  in  the  South-Welsh  Coal-field, 
together  with  remarks  on  other  fields  and  the  future  supply  and  working  of  coal, 
in  the  *' Transactions  of  the  Edinburgh  Geological  Society,' '  toI.  vi.  part  2,  1890, 
where  also  Mr.  H.  M.  Cadell  follows  with  yaluable  notes  on  the  probable  future  of 
the  coal-trade. 

,  7.  Varieties  of  Coal, — The  coal  of  the  British  Coal-fields  exhibits  eyery  yariety 
of  composition  between  anthraeite^  which  is  nearly  pure  carbon,  and  the  so-called 
bituminous  eoale,  such  as  ordinary  coal  and  cannel  coal  (hydrocarbons),  rich  in 
hydrogen.  Anthracitic  beds  are  rarely  seen  except  in  districts  where  the  strata  haye 
been  much  disturbed,  or  peculiarly  affected  by  other  circumstances.  Heat,  whether 
direct  or  induced  by  pressure,  yertical  or  lateral,  has  probably  been  the  important 
agent  in  depriving  coal  of  its  hydrogen  with  some  of  its  carbon,  and  thus  changing 
it  into  anthracite.  Neither  in  this  latter  nor  in  the  compact  cannel  coal  are  the 
laminar  structure  and  symmetrical  jointing  so  distinct  as  in  the  ordinary  coals.  The 
last  lose  their  yolatile  hydrocarbons  also  by  exposure  to  the  air,  at  outcrops  and  in 
open  faults ;  hence  they  are  not  nearly  so  good  for  burning  as  those  got  at  a  greater 
depth.  As  it  is  well  to  haye  definite  notions  as  to  the  appearance  and  structure  of 
the  different  kinds  of  coal,  some  notes  on  the  seyeral  sorts  will  now  be  offered. ^ 

Anthracite  is  glossy  or  semi-lustrous,  sometimes  iridescent ;  it  ignites  with 
difficulty,  and  bums  without  smoke,  and  with  littie  flame,  on  account  of  no  yolatile 
hydrocarbons  being  formed  during  combustion.  This  purely  carbonaceous  material 
differs  from  ordinary  coal  by  its  brilliant,  semi-metallic  lustre,  its  greater  density, 
hardness,  and  brittleness,  and  by  its  massiye  and  conchoidal  fracture  with  sharp 
edges.     Some  of  it  can  be  cut  or  turned  on  the  lathe  into  fancy  articles. 

Called  anthracite  (from  ivSpa^,  coal)  by  Earsten  and  the  older  mineralogists, 
it  is  also  known  as  «aineral  carbon,  bliud-coal,  stone-coal,  culm,  glance-coal,  and 
non-bituminous  coal.  It  is  mentioned  by  mineralogists  and  geologists  as  haying 
been  found  at  many  places  in  the  Alps,  Pyrenees,  France,  Germany,  the  United 
States,  and  the  British  Isles,  under  yarious  geological  conditions ;  but  in  regular 
and  extensiye  beds  it  occurs  chiefly  in  Penns^^Wania,  and  largely  also  in  South 
Wales.     It  is  reported  to  haye  been  found  in  China  and  elsewhere. 

In  the  Franco- Belgian  coal-field  the  coals  become  more  and  more  anthracitic  as 
they  pass  down  to  greater  depths ;  both  kinds,  therefore  were  of  the  same  age  in 

I  Much  information  as  to  the  constitution  of  coal  and  its  yarieties  is  giyen  in 
Eoland  and  Richardson's  Chemical  Technology, 
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formation ;  in  South  Wales  also,  as  already  stated,  the  anthracite  and  the  other 
coals  are  all  of  one  age.  The  squeezing,  faulting,  and  inyersions  in  the  former  field 
are  accompanied  by  an  alteration  of  the  highly  bituminous  coals  into  diy  coals  and 
anthracite. 

An  interesting  historical  sketch  of  the  use  of  anthracite,  and  some  s3rstematio 
remarks  on  its  (ustribution  in  South  Wales,  were  given  by  J.  P.  Bevan,  FlG.S.,  in 
the  *»  Geologist,"  toI  ii.  1859,  pp.  76-80. 

The  anthracite  of  Pennsylvama  is  traceable  from  the  inner  folds  of  the  mountain 
chain,  where  the  strata  have  become  more  and  more  crystalline,  and  contain 
graphite  as  well  as  this  non-bituminous  coal,  westward  into  Ohio,  where  the  same 
beds  consist  of  ordinary  coal.  In  the  eastern  part  of  the  AUeghanies  the  coal  has 
only  6  to  14  per  cent,  of  volatile  matter,  further  west  16  to  22  per  cent.,  30  to  35 
per  cent.,  ana  in  Ohio  40  to  60  per  cent  (Prestwich).  This  coal-neld  before  compres- 
sion was  probably  900  miles  long  by  more  than  200  broad  in  some  places  (Lyell). 

The  depression  of  strata  by  accumulated  sediment  above  them  may  raise  their 
temperature  by  the  rise  of  the  isogeotherms  (surfaces  of  equal  subterranean  tempera- 
ture), and  they  may  reach  a  rektivelj  high  temperature.  *'Mere  descent  to  a 
great  depth,  however,  will  not  necessanly  result  in  any  marked  litholoncal  change, 
as  has  been  shown  in  the  cases  of  the  Nova-Scotian  and  South- Welsh  coal-fields, 
where  sandstones,  shales,  clays,  and  coal-seams  can  be  proved  to  have  been  once 
depressed  14,000  to  17,000  feet  below  the  sea-level,  under  an  overljiug  mass  of 
rock,  and  yet  to  have  sustained  no  more  serious  alteration  than  the  partial  conversion 
of  the  coal  into  anthracite.  They  must  have  been  kept  for  a  long  period  exposed 
to  a  temperature  of  at  least  212*^  Fahr.  Such  a  temperature  would  have  been 
sufficient  to  set  some  degree  of  internal  change  in  progress  had  any  appreciable 
quantity  of  water  been  present,  whence  the  absence  of  alteration  may  perhaps  be 
explicable  on  the  supposition  that  those  rocks  were  comparatiyely  dry.*'  ^ 

Goal  in  contact  with  eranite  is  changed  into  anthracite  or  graphite;  when  in 
contact  with  volcanic  ana  trappean  rocks,  it  may  become  coke  (columnar  or  other- 
wise) or  mere  soot 

Steam  eoal  is  very  compact,  bums  with  little  smoke,  and  contains  so  little 
bituminous  matter  that  it  is  not  liable  to  spontaneous  combustion,  whether  pyrites 
be  present  or  not.  It  is  an  intermediate  kind  of  coal,  having  more  hydrocarbon 
than  any  anthracite  has. 

Ordinary  coaly  common  eoal,  houtehold  eoai,  pit  eoal,  black  eoal,  eoal  proper, 
bituminous  stone  eoal ;  of  this  there  are  several  sorts : — 

1.  Caking  eoal,  coking  eoal,  bituminous  eoal  (not  really  bituminous,  but  containing 
the  constituents  of  bitumen — 7  to  9  per  cent  of  hydrogen,  with  carbon  and  oxygen, 
or  4  to  6  per  cent,  of  hydrogen  and  6  to  8  per  cent  of  oxygen).  When  heated,  it 
undergoes  a  kind  of  fusion  and  *  cakes '  together,  one  piece  adhering  to  another  by 
the  soft  bituminous  matter  into  which  it  is  mainly  changed.  Such  coals  are  used 
for  coking,  coke  being  more  or  less  impure  carbon  left  alter  the  hydrocarbons  have 
been  driven  off. 

2.  Cherry  eoal,  or  soft  eoal,  is  thinly  laminated,  soft,  velvety,  short-fraeturei, 
friable, 

3.  Splint  eoal  (breaking  off  in  long  '  boards,'  and  into  fragments  with  angular 
ends  called  *  splints' — Mushet),  bone  eoal,  hard  eoal,  free-burning  eoal,  dry  coat 
(passing  into  shaly,  slaty,  and  stony  eoal).  This  is  less  bituminous  than  some  of  the 
foregoing;  bums  ^e  and  open  (that  is,  without  swelling  and  caking),  with  a  long 
smoky  flame ;  with  less  than  6  to  8  per  cent,  oxygen  ana  4  to  6  per  cent  hydrogen ; 
it  is  also  called  dry  eoal.  The  hard  eoal  comes  out  in  long  blocks ;  the  ehtrry  coal 
in  short  pieces. 

Beedy  coal  has  alternate  layers  of  splint  eoal  and  bright  eoal  (Mushet). 

Cannel  eoal,  or  parrot  eoal,  is  compact,  and  varies  from  lustrous  to  a  dull  earthy 
aspect ;  breaks  irregularly,  but  with  a  conchoidal  (shell-like)  fracture ;  can  be 
polished  and  cut  into  omaments  in  a  lathe.  Yields  mineral  oil  by  distillation. 
Much  used  in  gas-making ;  not  fit  for  coking. 

Torbanite,  Torbanehill  mineral,  Boghead  eannel-eoal,  or  Boghead  eoal,  is  a  kind  of 
dark  brown  cannel-coal,  good  for  making  gas  and  oil  (parrafin,  etc.)*  and  gives  a 
light,  spongy  coke.  It  consists  of  minute  light  brown  granules  of  hydrocarbon,  with 
some  earthy  matter  and  portions  of  the  tissues  of  coal-plants. 

»  Geikie,  "Textbook,"  etc.,  2nd  edit,  1885,  p.  273. 


Digitized  by  VjOOQIC 


Trof.  T.  Rupert  Janes— Address.  563 

As  a  scheme  for  the  general  classification  of  coals  the  following  table  may  be 
useful : — 

/Torbanite,  caonel-coal,     ^Vegetable     matter 

Highly  Bitu-)p^.  ^^„,  1     parrot-coal         j      much  altered. 

minon..    ...)G«<«1«     T^manite,    Better-bed     j  g    ^.^j.. 

\     coal,  etc j    '^ 

Common  Bitn  )                                (Caking  and  coking  coal,  1  Laminae  of  charcoal 
minoufl       'JHousehold  coals  ..   J     cherry  coal,  splint  coal,  5      (mother-coal)    & 
"')  {     and  other  coals    J     hydrocarbon. 

Semi -bitumi-) Free-burning  ( I.  Charcoal  deposited  abundantly  at  first. 

nouB.        ...)     steam  coala      ...  \  2.  Hydrocarbon  partially  lost  by  change. 

Anthracitic  •••l^^m  cSal"^^    }  Hydrocarbon  nearly  all  lost  by  change. 
Anthracite  ...  Smokeless  coal    ...{^^'g^^  hydrocarbon  loef  by  heat  under  pres- 
Coke    ji*  ^^^j^ I  Hydrocarbon  lost  by  heat  without  pressure. 

8.  C<mttUuentt  of  the  Coal-mea8ur$§  and  of  Coal. — Sandstone,  shale,  coal  and 
clay,  in  successiye  repetition,  constitute  (as  we  aU  know)  the  main  materials  of  the 
'  Coal-measures*  {*  measures '  being^  an  old  mining  term  for  strata).  Each  of  these 
substances  well  deserves  the  close  investigation  they  have  received  from  numerous 
observers.  We  need  not  take  the  sandstone  in  hand  now;  it  will  be  enough  to 
say  that  the  quartz -grains  have  been  deriyed  from  the  quartz  of  the  same  granite 
rocks  which  gave  the  little  mica-fiakes  to  mix  with  much  of  the  sandstone,  and  the 
kaolin  to  form  the  basis  of  the  shales  and  days  in  the  same  great  Carboniferous 
formation. 

Shales  and  Ironstone. — The  shales  are  yaried ;  some  are  almost  purely  argillaceous ; 
others  contain  carbonaceous  matter  in  different  proportions,  even  becoming  quite 
black  and  bituminous.  The  liehter-coloured  snales  often  have  plant- remains, 
especially  ferns,  scattered  through  them,  and  even  whole  stems  and  branches  of 
Lepidodendron  and  Sigillaria^  squeezed  fiat,  and  reaching  long  distances.  The 
darker  shales  also  haye  plant-remains,  but  less  perfect,  and  very  often  shells  and 
other  fossils,  including  relics  of  fish  and  numbers  of  small  bivalved  crustaceans; 
with  regard  to  the  last,  the  fishes,  when  alive,  fed  on  the  Cypridee  and  other 
oi^nisms,  and  in  turn  these  little  Ostracoda  ate  the  dead  fishes  when  they  could. 

Here  and  there  are  more  or  less  continuous  layers  of  ironstone^  or  more  frequently 
groups  of  nodules  parallel  with  the  planes  of  bedding,  and  containing  either  parts 
of  plants,  more  rarely  small  limuloios  or  other  crustaceans,  or  even  spiders,  scor- 
pions, insects,  or  relics  of  fishes  and  amphibia.  In  some  cases  the  snales  are  of 
marine  origin,  judging  from  the  character  of  the  shells  imbedded  in  them ;  but 
usually  the  eviaence  from  the  fossils  is  of  a  negative  character.  The  shells  that 
were  formerly  thought  to  be  mussel-shells,  like  freshwater  Unios,  are  now  known 
to  belong  to  a  different  family ;  and,  not  being  quite  the  same  as  any  known  sea- 
shell,  they  may  have  been  estuarine. 

The  nodular  and  Ihe  fiat  masses  of  clay-ironstones  in  the  shales  have  been  due 
to  the  formation  of  carbonic  acid  in  the  water  and  mud  by  the  decomposition  of 
vegetable  matter  and  the  removal  of  some  oxygen  from  the  peroxide  of  iron  present 
there,  and  by  the  carbonic  acid  thereupon  forming  carbonate  of  iron.  This  then 
segregated  around  some  organic  object  in  the  mud,  and,  mingled  with  clay,  gave  rise 
to  nodules  or  lar^r  masses  of  argillaceous  ironstone.'  In  consolidating  the  nodules 
frequently  split  internally,  and  the  fissures  of  retreat,  filled  with  ciucite,  blende, 
pyrites,  or  other  mineral,  constitute  septa^  or  divisions,  in  the  septarium  or  septarian 
nodule.  The  so-called  *  beetle-stones '  are  septarian  nodules  broken  across,  showing 
central  and  diverging  lines. 

The  iron-ores  of  South  Wales  are  fully  treated  of  in  the  '  Memoirs  Geol.  Survey,' 
Iron-Ores,  part  iii.  1861,  by  £.  Rodeers,  and  their  fossils  by  J.  W.  Salter.  From 
official  sources  we  learn  that  the  details  of  Production  of  Ironstone,  chiefly  Argilla- 
ceous Carbonate,  from  mines  under  the  Coal-mines  Regulation  Act,  for  the  year 
18»9  were  — 

1  De  la  Beche,  "  Memoirs  Geol.  Survey,*'  vol.  i.  pp.  186, 186. 
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County. 

Quantity. 

Total 
quantity. 

Arerage 

price 
per  ton. 

Total  value 
of  ironstone 
at  the  mine. 

Amount 
of  metal 

obtainable 

Caermarthensbire        

Glamorgan- (Eastern  part  of 
shire  ...  (Western  part  of 
Monmouthshire    

• 

Tons. 

50) 

462/ 

-  ) 
23,764/ 

Tons. 

612  1 

118 

23,764 

17,435 

«.    d. 

11    6 

9    0 

9    0 

9    0 

11     6 

£ 

29  ^ 

208 
63  ^ 

10,694 

10.026, 

Tons. 
12,548 

24,276 

41,829 

— 

21,009 

— 

In  Mr.  J.  P.  Lesley's  *<  Manual  of  Coal,*'  etc.  87o.  Philadelphia,  1866,  at  pp. 
22,  etc.,  the  yariations  in  shales,  and  their  passage  even  into  coal,  as  the  proportion 
of  carbonaceous  (Tegetable)  matter  increases  by  local  conditions,  are  caxefullj 
detailed. 

Coaly  Mother-Moly  Coal-ballt,  ete.—The  eoal  itself,  to  which  the  shales  (*  batts,' 

*  binds,*  etc.,  as  they  are  yariouslv  termed)  usually  senre  as  a  roof,  or  in  which  they 
form  '  partings,'  or  thin  intermeoiate  layers,  comes  next  to  be  considered.  Some 
remarks  on  the  different  kinds  of  coal  have  already  been  made.  Common  black  coal 
is  easily  seen  to  be  composed  of  thin  alternate  laminiB  of  dull  and  bright  material, 
and  usually  the  blocks  or  pieces  have  flat  sides  nearly  at  right  angles  with  those 
delicate  layers  of  deposition.  These  faces  are  due  to  shrinkage-joints ;  one  is  termed 
the  *  face  *  (as  it  is  presented  on  the  long  edge  of  the  seam  exposed  in  working),  or 
the  *  bord,*  and  the  other  or  cross  joint  is  the  end;  the  former  is  also  called  the 

*  cleat,'  and  this  term  is  sometimes  applied  to  both  sets  of  joint-divisions.  The 
block  of  coal  usually  breaks  also  along  the  flat  laminsB,  exposmg  a  somewhat  dull, 
charcoaly  surface,  more  or  less  interfered  with  by  the  next-lying  bright  lamina.  11)6 
dull  parts  are  real  charcoal,  or  decomposed  wood,  and  soil  the  fingers  when  touched ; 
whilst  the  bright,  or  hydrocarbon,  portion  keeps  clean  when  dry.  On  the  fire  the 
coal  breaks  more  easily  along  the  laminsD,  becanse  the  bright  portion  softens  and 
swells  up  with  its  bituminous  change,  and  the  *  mineral  charcoal,'  or  *  mother-coal,' 
keeps  the  portions  distinct  for  a  time ;  so  also  the  jointings  open  then,  or  give  way 
easily  to  the  poker. 

The  mineral  charcoal  may  readily  be  seen  to  be  fiat  fragments  of  woody  tissue  in  a 
carbonised  state ;  it  is  more  or  less  impregnated  with  bituminous  or  mineral  matter 
from  the  associated  beds,  and  retains  the  mineral  matter  of  the  original  wood.  It  is 
due  to  '*  the  chemical  changes  experienced  by  woody  matter  in  decay  in  the  presence 
of  air,"  when  "wood  parts  with  its  hydrogen  and  oxygen  and  a  portion  of  its 
carbon,  in  the  forms  of  water  and  carbonic  acid.  .  .  .  Under  water,  or  imbedded 
in  aqueous  deposits,  the  principal  loss  consists  of  carbon  and  oxygen ;  and  the  result- 
ing coaly  product  contains  proportionally  more  hydrogen  than  the  original  wood. 
This  is  the  condition  of  the  compact  bituminous  coal."  ^ 

The  '  mother-coal '  necessarily  indicates  a  periodical  change  (maybe  that  of  the 
rniny  season)  in  the  formation  of  a  coal-seam,  for  it  lay  exposed,  as  decaying  wood, 
whilst  that  which  was  accumulated  just  before  must  have  been  sufficiently  covered 
up  by  water  ^a  few  inches  may  have  been  enough)  to  undergo  the  advancea  chemical 
changes  causing  a  proportional  increase  of  hydrogen.  The  dead  sticks  and  stems 
projecting  out  of  and  above  the  water-covered  peaty  mass  below  would  naturally 
supply  the  decaying  touchwood  and  charcoal  now  lying  as  described  above. 

jJoubtless  a  progressive  change  in  the  elaboration  of  hydrocarbon  soon  took  ploce 
to  some  extent,  even  as  it  does  in  peat ;  but  probably  it  was  not  completed  in  the 
compact  coal  until  many  layers  of  both  vegetable  and  earthy  matters  had  been 
accumulated  (the  former  in  place,  and  the  latter  from  inundation),  and  caused  some 
amount  of  pressure  and  consequent  heat. 

As,  under  favourable  circumstances,  the  bright  coal  can  be  seen  to  have  been 
made  up  of  spores,  leaves,  branches,  and  stems  of  special  trees,  and  other  plants, 
the  place  of  growth  must  have  been  a  swampy  forest  or  jungle,  of  enormous  extent, 

^  Dawson,  Quart,  Journ.  Qcol,  Soc,  vol.  xv.  1869,  pp.  627,  etc 


Digitized  by  VjOOQIC 


1 


Frof.  T.  Rupert  Jones — Address.  565 

probably  in  a  warm  (perbaps  sub-tropical  >)  climate,  to  account  for  tbe  bnndreds  of 
square  miles  of  continuous  coal-seams. 

Much  has  been  learnt  from  tbe  broken  and  rotting  ruins  of  a  forest,  standing  on 
an  area  of  tbe  coal-growtb,  having  been  here  and  there  sealed  up  and  preserved  in 
that  original  state,  before  hydrocarbonisation  had  proceeded  far ;  whilst  the  rest  of 
the  fallen  timber  and  accumulated  relics  passed  into  the  state  of  bright  coal,  and 
became  almost  undistingmshable  as  to  its  structure  except  under  the  microscope  after 
special  manipulation.  The  *  coal-balls '  of  Oldham,  in  Lancashire,  and  the  '  bullions ' 
at  South  Owram,  in  Yorkshire,  are  calcareo-carbonaceous  nodules,  baring  been 
formed  by  the  infiltration  of  water  carrying  carbonate  of  lime  from  the  shells  in 
an  overlying  shale  down  into  the  bed  of  woodv  fragments  and  other  bito  of  dead 
plants.  The  carbonate  of  lime  there  segregated  from  the  mass  to  certain  centres, 
and  preserved,  in  round  nodules,  the  vegeteble  structures,  before  they  were  quite 
decomposed,  more  or  less  distinct  as  they  had  fallen  on  the  Jorest  floor.  Hooker, 
Binney.  Williamson,  and  others  have  elucidated  much  of  the  botany  of  the  coal 
from  this  source. 

In  the  Lower  Carboniferous  series  at  Pettycur  Bay,  Burntisland,  in  the  Firth  of 
Forth,  are  some  well-preserved  relics  of  the  materials  which  would  otherwise  have 
been  used  to  form  a  coal-seam  (referred  to  by  Williamson  and  Binney).  In  this 
case  volcanic  material  has  been  ejected  into  or  through  a  peaty  mass,  and,  having 
removed  by  force  some  of  the  soft  wet  material,  has  been  mixed  up  with  it  and 
settled  down  as  a  hard  stratum,  with  well-preeerved  fragments  of  wood  and  other 
tissues,  into  which  carbonate  of  lime  was  suoMquentiy  inflltered  (Garruthers). 

A  third  instence  was  discovered  by  Mr.  Wiinsch,  in  1865,  in  the  Lower  Car- 
boniferous series  on  the  north-eastern  shore  of  the  Isle  of  Arran,  where  numerous 
plant-remains  are  well  preserved  in  and  under  volcanic  ashes.  The  strata  are 
alternate  sandy  shales,  thm  coal-seams,  and  pepehno-like  tuff.  Numerous  truncated 
trees  remain  upright,  rooted  in  the  shale.  SigillaHa^  Lepidodendron^  Lepidophloios^ 
and  Hahniay  besiaes  Sphmopteris  and  other  ferns,  are  present.' 

Cannel^  ete. — Under  the  name  of  *canneP  are  known  some  important  varieties 
of  coal,  useful  for  distillation  and  gas-making ;  and  certainly  they  differed  in  their 
method  of  deposition  both  from  ordinary  coal  and  in  some  particulars  among  them- 
selves. They  all  appear  to  have  been  formed  of  vegeteble  matter  that,  having 
been  soaked  and  macerated  to  a  black  pulp,  like  the  most  rotten  and  semi-fluia 
peat,  in  lakes,  lagoons,  or  other  limited  water-areas,  became  homogeneous  masses 
of  hydrocarbon,  with  much  still  discernible  vegeteble  tissue,  and  occasionally  with 
bones,  teeth,  and  scales  of  fishes,  and  remains  of  Amphibia,  £arthy  matter  was 
sometimes  mixed  with  the  cannel;  and  occasionally  so  much  accumulated  that 
the  black  mud  graduated  into  carbonaceous  shale.  Light  substonces  would  also 
have  been  blown  into  the  water  by  wind.  According  to  the  relative  abundance  of 
yellow-reddish  hydrocarbons  and  macrospores,  or  of  amorphous  black  substance 
(carbon)  and  microspores,  is  the  difference  between  black  and  brown  cannel 
(Carpenter). 

Elsewhere  the  condition  and  place  of  the  cannel  are  such  as  to  suggest  that,  like 
a  burst  peat-bog  of  the  present  day  (Buckland),  the  fiuid  carbonaceous  pulp  escaped 
from  its  birthplace,  and  found  local  noUows  at  lower  levels  that  could  receive  and 
keep  it.  It  is  also  suggested  that  such  black,  decomposed,  fluid  refuse  of  a  swampy 
jnngle,  bordering  a  lagoon,  might  drain  into  the  water,  and  settle  as  carbonaceous 
mud,  or  as  coal  itself,  among  the  water-plants  there  (Grand' £ury).  If  poured  in 
suddenly,  it  probably  overwhelmed  and  poisoned  many  fishes.  "  The  cannel  coals, 
being  wholly  subaqueous,  have  not  formed  and  do  not  possesa  mineral  charcoal" 
(Dawson) 

Torbanite  consists  almost  entirely  of  minute  sub-globular  accretions  of  hydro- 
carbon (amber- coloured  by  transmitted  light),  derived  either  from  chemical  cnange 
of  plant-remains,  or  more  probably,  directly  from  lycopodiaceous  spores. 

tipore-eocU, — Very  much  of  the  substence  of  some  coal-beds  consists  of  lycopo- 
diaceous spores  that  have  been  traced  to  the  great  lycopods,  L&pidodmdnm  and 
Sigillariay  allied  to  the  club- mosses  and  SeU^ineUa^  and  were  probably  shed 
periodically   in  enormous    quantities    (Prestwich    and   Morris,    Hooker,  Binney, 

^  A  great  predominance  of  ferns  and  lycopods  indicates  moisture,  equability  of 
temperature,  and  freedom  from  frost,  rather  than  intense  heat  (Lyell). 
'  Gbol.  Mao.  1866,  and  Trans.  GeoL  Soc.  Glasgow,  1882. 
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Williamson,  Carrathen,  Balfour,  Huxleji  E.  T.  Newton,  Orion,  Dawson,  Rheinsch, 
Wethered,  Bennie,  Kidston,  and  others).  Mr.  E.  Wethered  has  suggested  that  the 
chief  material  in  common  coal  was  derived  from  the  spores  of  a  water-plant  nearly 
allied  to  Isoetes,  and  that  woody  material  has  supplied  out  little  of  the  hydrocarbon. 
He  objects  to  the  theory  of  **submerg^ed  forests"  because  of  the  difficulty  that 
Professor  Dana  has  desoriW,  resulting  in  the  calculation  that  for  a  four-foot  seam 
of  coal  there  would  be  required  a  thickness  of  32  feet  of  accumulated  forest 
yegetation  and  48  feet  for  four  feet  of  anthracite.^  The  macroepores  of  lacitts 
laeuttris  have  been  found  in  the  mud  dredged  in  Loch  Coulter,  Stirlingshire,  by 
Mr.  Thomas  Soott.» 

"  Dawson  is  disposed  to  think  that  the  tuberin  of  cork,  of  epidermis  in  general, 
and  of  spore-cases  m  particular,  is  a  substance  so  rich  in  carbon  that  it  is  very  near 
to  coal,  and  so  indestructible  and  impermeable  to  water  that  it  has  oontributea  more 
largely  than  anything  else  to  the  mineral.**  *  Prestwioh  refers  to  these,  and  especi- 
ally to  gums  and  resins,  as  main  constituents  of  the  coal ;  and  archies  that  the  climate 
was  warm  and  moist,  with  a  larger  percentage  of  carbonic  acia  than  exists  at  the 
present  day,  and  a  more  rapid  plant-growth.^ 

Messrs.  Bennie  and  Kidston  ^  have  not  only  carefully  ^yen  the  botanical  history 
of  Ltpidodendron  and  SigiUaria^  and  of  their  fructification,  but  have  described  the 
spores  met  with  in  their  examination  of  the  Scotch  Carboniferous  strata,  and  have 
given  their  conclusions  as  to  the  nature  and  condition  of  the  beds  from  which  the 
spores  were  collected.  The  splint  and  parrot  coals  yielded  most ;  the  cherry  or  8of% 
coals  are  too  far  bituminised  to  show  them  clearly,  though  present.  Some  fireclays 
yield  them  in  the  upper  two  or  three  inches.  Some  thin  shales  (plant-beds  and 
fakes)  yield  spores,  and  some  have  plant-remains  as  well.  **  Carbonised  wood  was 
common  in  all  the  poor  or  shale -like  coals.  .  .  .  Some  of  the  thin  coals  were 
almost  entirely  composed  of  such  carbonised  vegetable  matter."  Fragments  of 
scorpions  and  eurypterida  occur  plentifully  in  some  of  the  *  old  soils '  (fireclays). 
The  former,  being  land-animals,  and  probably  adapted  to  a  hot  (or,  at  least,  warm) 
climate,  are  among  the  most  interesting  of  the  coal-fossils. 

Drt//- (00/.— Formerly,  more  so  than  now,  it  was  thought  by  some  that  the  eoal 
had  been  formed  by  the  accumulation  of  drifted  timber  and  floating  masses  of 
vegetation  in  rivers  and  estuaries.  There  are  several  difficulties  in  the  way  of 
this  hypothesis.  There  would  have  been  more  ash  in  the  coal,  because  the  water 
would  snift  and  deposit  sand  and  clay,  together  with  rafts  and  grass  islands  ;  and 
the  ash  of  pure  coals  agrees  in  relative  quantity  and  composition  with  the  earthy 
matter  naturally  contained  in  plants  (Green  and  others).  How  far  a  calculation 
could  be  made  as  to  a  given  quantity  of  ash  in  coal,  and  the  amount  of  mineral 
matter  belonging  to  plants,  as  a  basis  for  proving  the  ori^nal  quantity  of  woody 
matter  concerned  in  a  given  quantity  of  coal,  would  be  difficult  to  determine,  for 
some  of  the  original  mineral  constituents  have  been  probably  removed  by  per- 
colating water. 

Professor  Lesley*  has  calculated  that  the  Mississippi  could  not  supply  by  drifta|pe 
from  the  forests  of  its  valley  in  100,000  years  wood  enough  for  one  of  tne  ochuylkiil 
anthracite  beds ;  mineral  sediments  would  also  interfere  with  the  results.  Under 
favourable  conditions,  he  adds,  tropical  forests  (Ceniial  Africa)  and  coast-ewamps 
(Florida,  Guiana,  India)  would  supply  good  ana  sufficient  material.  So  also  the 
swamps  of  the  *  Sunk  countiry '  of  Arkansas  and  Louisiana,  as  well  as  the  '  Great 
Dismal  Swamp*  in  Virginia,  for  one  set  of  conditions  (Lyell) ;  and  the  mangrove 
jungles  in  the  West  Indies  and  elsewhere  for  another. 

JFireelay,  underelayj  underelif,  underbed^  §eat-€arth,  Hat  9ton0,  bottom-Mtangy 
spavin^  elunehy  fake,  pounein.    This  is  usually  a  dense  clay,^  but  sometimes  sandy, 

*  Joum.  Roy.  Microsc.  Soc.  ser.  2,  vol.  v.  1886,  pp.  406-420. 
»  Report  of  the  Fishery  Board,  1890. 

8  Balfour,  <<  PaUeontological  Botany,*'  1872,  p.  67. 

*  Geology,  vol.  ii.  1888,  pp.  117-120. 

»  Proceed.  Royal  Phys.  Soc.,  Edinburgh,  vol.  ix.  1886,  pp.  82-117. 

<  *  Manual  of  Coal,*  etc.,  1856. 

"^  In  examining  microscopically  the  ultimate  particles  of  some  shales  and  mider- 
clays,  Mr.  W.  M.  Hutchings  has  discovered  that  these  are  composed  of  a  *  micaceoua 
depoait,*  in  which  there  is  some  fragmental  mica,  bat  that  the  mass  appears  to  oon- 
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and  eyen  altogether  a  hard  sandstone  (*  ganiater ').  It  yaries  in  colour  from  black  to 
white  ;  and  is  from  six  inchea  to  ten  feet  or  more  in  thickness.  A  characteristic 
feature  is  its  being  penetrated  in  all  directions  by  *  the  stigmarian  roots  and  rootlets 
of  the  trees  {SigiUaria,  Zepidodmdran)  that  grew  on  it  when  it  was  the  soil  of  the 
coal  forest,  having  been  slowly  deposited  by  the  quiet,  shallow,  muddy  waters  that 
succeeded  the  deposition  of  shale  or  sandstone  by  waters  with  stronger  currents, 
these  last  terminating  one  of  the  periodical  disturbances  to  which  the  many  stages 
of  gradual  subsidence  gave  rise.  Every  coal-bed  (or  coal-seam,  according  to  the 
application  of  those  words  to  either  a  simple  or  compound  layer  of  coal;  lies  on 
a  more  or  less  distiaguishable  ^  underclay ' ;  but  this  is  often  omitted  to  be  recorded 
in  coal-mining  sections  and  documents.^  Sometimes  an  underclay  forms  a  roof  of 
a  coal ;  but  it  is  the  seat-earth  of  a  coal  lying  on  it. 

Deuudation. — Among  the  many  examples  of  denudation  in  the  Coal-measures, 
coal-beds  have  been  washed  away  horn  their  underdays ;  but  these  latter  are  so 
greatly  toughened  by  their  contained  network  of  roots  that  they  have  more  effectually 
resisteii  denudation.  Both  coals  and  underdays,  however,  were  not  unfrequently 
destroyed,  or,  at  least,  deeply  and  widely  channelled  by  contemporaneous  floods  and 
rivers;  for  not  only  are  the  *  horses,*  Mows,'  and  *  washes'  such  watercourses,  but 
the  occurrence  of  pebbles  of  coal  and  small  detrital  particles  scattered  through  some 
of  the  sandstones  are  due  to  similar  denudation.' 

Sir  J.  W.  Dawson,  in  '  Acadian  Geology,'  1868.  p.  189,  states:—**  The  occasional 
inequalities  of  the  floors  of  the  coal-beds,  the  sand  and  gravel  ridgei  which  traverse 
them,  the  channels  cut  through  the  coal,  the  occurrence  of  patches  of  sand,  and  the 

insertion  of  wedges  of  such  material  splitting  the  beds, are  constantly 

represented  in  modern  swamps  and  marshes,  more  especially  near  their  margins, 
or,  where  thev  are  exposed  to  the  effects  of  ocean  storms  or  river  inundations." 
The  great  thickness  of  coal  and  carbonaceous  shale  in  tiie  Albion  Coal-measures  at 
Picton,  Nova  Scotia,  were  formed  in  a  depression  separated  by  a  shingle  bar 
(conglomerate)  from  the  more  exposed  flats  outside.^ 

9.  Fos8if8  of  the  Coal-meaturea  of  South  fFalt*.— An  examination,  or  even  an 
enumeration,  of  the  fossils  would  be  much  more  than  we  have  time  for  now, 
whether  we  took  in  hand  the  plants  or  the  animali, 

I.  Of  the  characters  of  the  former  *  we  have  indicated  some  particulars,  such  as 
facts  about  the  spores  and  roots  of  the  gigantic  trees  of  which  the  humble  S9lagineUa^ 
lioetei.  Sphagnum,  and  Equiutum  are  the  living  representatives.  Descriptions  of 
their  roots,  trunks,  leaves,  woody  and  other  structures  have  been  given  to  the  world 
by  both  Foreign  and  British  palsBobotanists  in  numerous  go(KUy  memoirs  and 
volumes,  illustrated  with  excellent  plates;  and  the  many  ferns,  tree-ferns,  and 
cycadaceous  plants  (the  last  known  by  their  fruits  chiefly)  have  been  well  described 
and  figured.  Kidston's  *  Catalogue  of  the  Carboniferous  Plants  in  the  British 
Museum '  gives  full  references  to  many  of  th6  above,  and  the  others  are  well  known. 
With  increased  knowledge,  the  supposed  dome-like,  long-armed,  stigmarian  plants, 
with  subaqueous  leaves  or  processes,  either  floating  on  or  in  the  water,  or  growing 
on  the  mud,  have  become  the  depressed  stools,  dichotomous  roots,  and  innumerable 
long,  narrow,  leaf-shaped  rootlets  of  Sigillaria  and  Lepidodendron  (Binney  and 
others).  C.  Grand'Eury,  however,  still  distinguishes  some  perfectly  aquatic  and 
peculiar  plants,  which  floated  in  the  water  wiw  their  roots  trailing  on  the  bottom  ; 
and  of  Stigmaria  he  holds  the  opinion  that  it  indicates  a  formation  in  deep  water, 
contrary  (as  he  says)  to  what  is  generally  stated.'  The  supposed  palms  have  disap- 
peared m  the  explanation  that  the  supposed  fruits  are  only  the  marks  of  compressed 
gas  bubbles  fixea  during  their  escape  from  the  fostid  black,  decomposing  mud.' 

sist  mainly  of  minute,  mtiliferous,  mica-like  flakes,  regarded  by  him  as  of  secondary 
origin,  made  from  the  ori^al  components  of  the  stratum  (GFbol.  Mao.  1890  and 
1891).  Mr.  Hutchings  kindly  informs  me  that,  of  the  numerous  fireclays  which  he 
has  examined,  several  are  being  used  for  brick-making  (Letter,  May  20,  1891). 

*  De  la  Beche,  Mem.  Oeol.  Survey,  vol.  i.  pp.  173  and  177. 

*  Logan,  De  la  Beche,  Buddie,  and  others. 
"  Dawson,  Q.J.G.S.  vol.  x.  p.  46. 

*  A  useful  compendium  of  our  "knowledge  of  coal-plants  in  1863,  by  Professor 
John  Morris,  was  published  in  the  Proceedings  Geol.  Assoc,  of  that  date. 

'  M6m.  pr^sentes,  etc.,  Acad.  Sdences,  etc.,  France,  vol.  xxiv.  No.  1,  1877 ;  and 
Annales  des  Mines,  s6r.  8,  M6moires,  vol.  i.  1882|  p.  161. 
«  Carruthen,  Gsol.  Mao.  1870,  p.  216. 
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Great  advaneea  have  been  made  by  Prof.  Dr.  W.  C.  WiUiamson  in  the  knowledge 
of  the  lycopodiaceoQB  trees  of  the  coal,  which  he  showB  to  ha^e  partaken  of  toe 
exoeenons  stmctnre  of  modem  trees. 

YariouB  more  or  leas  artistic  representations  of  ideal  coal-forests  are  to  be  met 
with,  both  in  special  books  treating  of  the  subject  and  in  treatises  on  geology  in 
general.  Eloquent  descriptions  of  such  a  forest  by  Ansted  and  Hugh  Miller  are 
quoted  by  Balfour.^ 

Of  the  flora  of  the  Uplands,  which  were  bordered  by  the  pealr  coal-swamps, 
Tenr  little  is  known  ;  omv  that  the  fern  fronds  and  some  other  plants  in  the  roof 
shales,  and  the  occasional  either  prostrate  or  snag-like  trunks  of  conifers  in  the 
sandstones,  were  probably  brought  to  lower  lerels  by  streams  or  riyer-fioods  (Dawson, 
Lyell,  and  others). 

II.  The  fossil  animals  of  the  coal  are  necessarily  of  Teiy  great  interest,  but  we 
can  now  refer  to  only  a  few. 

1.  Of  the  iuTertebrates  a  fair  number  occur  in  South  Wales,  bat  none  of  the 
insects,  myriopods,  spiders,  scorpions,  eurypterids,  land  shells,  and  other  rare  forms 
known  elsewhere  haye  yet  been  met  with. 

In  the  "  Memoirs  of  the  Geological  Suryey  of  Great  Britain,*'  etc.,  Iron-Oree, 
etc..  Part  III.,  the  kte  Mr.  J.  W.  Salter  yery  carefully  dassified  and  tabulated  the 
fossils  found  in  the  *  ironstone  bands '  of  South  Wales,  describing  and  fignring  the 
most  characteristic  species.  He  hoped  to  hare  taken  up  the  fossils  of  the  coal  bands 
in  like  manner,  but  unfortonately  the  time  never  came.  His  obseryations  at  p.  220, 
on  the  importance  of  managers  of  collieries  and  others  making  very  careful  collectionB 
of  fossilB,  with  notes  on  their  exact  beds,  should  eyen  now  command  attention.  He 
notes  as  follows : — 

Black  Band ;  Anthracomya,  Fish  remains    Brackish. 

Soap  Vein;  Worm -burrows,  Anthracomya,  Ferns     Brackish. 

Black  Pins;  Anthracosia,  Dadoxylon,  Knorria,  and  Halonia     ...  Brackish. 

£11  Balls,  above  Elled  Coal ;  Asterophyllites,  Lepidodendron,  and 

ITlodendron,  Ferns       Brackish. 

Under  Big-yein  Coal ;  Anthracosia       Brackish. 

Over  Three-quarter  Coal ;  Anthracomya      Brackish. 

Will  Shone,  or  Pin  Will  Shone,  over  the  Bydyllog  Coal ;  Athyiis  Marine. 

Darran  Pins ;  Anthracosia,  Anthracomya,  Myalina     Brackish. 

Over  Engine  Coal ;  Spirifer  and  Productus,  Fern       Marine. 

Black  band,  over  Old  Coal ;  Anthracosia,  Fish    Brackish. 

Spotted  Vein ;  Spirorbis ;  track  of  Liraulus  (?)  6  feet  below  the 

vein       Brackish. 

Bed  Vein;  Anthracosia,  Modiola,  Edmondia  (?) Marine? 

Blue  or  Bi^  Vein ;  Myalina,  Anthracosia,  Spirorbis    Marine? 

Bottom  Vems;  Fish  (8  genera)      Brackish. 

Kosser  Veins ;  (under  the  Farewell  Rock  and  above  the  Millstone 
Grit);  Brachiopoda  (7  genera),  Conchifera  (8  genera).  Gaste- 
ropoda, Heteropoda,  and  Cephalopoda  (9  genera),  Encrinite 

Stems,  Fish  remains    Marine. 

Anlkraeona*  was  originally  regarded  as  a  Unto  by  Sowerby,  then  referred  to 
Cardinia  by  Agassiz,  and  to  Paehyodon  by  Stutchbury ;  but  it  was  ultimately  detined 
by  W.  King  as  related  to  Z7f»to,  but,  bemg  distinct  from  that  genus,  it  was  named 
by  him  Anthracosia.  Mr.  Salter  noticed  that  it  has  a  wrinkled  epidermis,  and 
considered  that  it  was  related  to  the  Myadta,  and  of  brackish,  if  not  marine,  habitat. 
This  is  ^e  shell  composing  the  so -called  '  mussel  bands '  and  *  Unio  bands '  of  the 
Coal-measures. 

Anthracomya^  *  Iron-ores,'  etc.,  page  229.  Mr.  Salter  indicates  that  the  sheUs 
which  he  describes  under  this  name  have  oscillated  in  catalogues  between  Avicuia, 
Modiola^  and  Uhio^  and  that  it  has  a  wrinkled  epidermis,  like  the  foregoing. 

Anthracoptera^  is  a  triangular  shell,  with  wrinkled  epidermis,  and  belonging  to 
the  same  group  as  the  above. 

All  the  forms  of  this  characteristic  group  of  Coal -measure  shells  are  called 
Naiaditcc  by  DawBon,^  and  regarded  by  him  as  allied  to  D'Orbigny's  ByccoanodotUa. 

>  «« Paleeont.  Botany,"  pp.  70,  71.         »  Iron-Ores  South  Wales,  pp.  226,  227. 
*  Salter,  Q,J.G.S.  vol.  xix.  1863,  p.  80.        «  Acadian  Qeol,  1868,  pp.  201-203. 
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Oiimbel  and  Oeinitz  have  described  them  as  belonging  to  Unto  and  Anodon  ;  and 
Ludwip^  refers  AnthraeopUra  to  DreU^ena.  At  all  events  there  is  a  great  probability 
of  their  not  being  truly  marine.  They  may  have  lived  in  the  brackish  water  of 
lagoons  and  cree]u  in  the  black,  muddy  swamps,  having  some  commnnication  with 
the  sea,  and  often  or  occasionally  inundated  with  salt  water  (Dawson,  Salter,  etc.). 

Spirorbis  earbonaritu  is  frequent  in  the  Coal-measures  of  Soath  Wales  and  else- 
where. This  little  annelid,  tnough  belonging  to  a  marine  genus,  is  often  found 
attached  to  plant  fragments  in  the  coal-shales.  These  plants  may  have  hung  down 
into  the  water  and  been  infested  by  the  annelid ;  or  it  may  have  attached  itself  to 
floating  plants  which  were  ultimately  drifted  back  to  the  littoral  mud-swamp.  This 
HpirorbU  is  an  important  constituent  in  the  Ardwick  limestone  of  Manchester  and 
Shropshire,  but  is  associated  with  Ostracoda  (Carbonia)^  which  are  probably  of 
brackish-water  habitat. 

The  Brachiopoda  are  necessarily  marine.  The  fish  are  not  good  witnesses,  for 
they  might  have  minted  to  and  fro,  as  some  now  inhabit  both  fresh  and  salt 
waters  ;  and  some  might  have  been  essentially  estuarine. 

Thus  there  are  few  decidedly  marine  beos  in  this  series,  and  these,  of  course, 
correspond  with  the  occasional  domination  of  the  sea  during  its  inroads  and  during 
extreme  depressions  of  the  district. 

In  addition  to  the  occurrences  of  fossils  in  Salter's  list  above  quoted  we  may 
notice  that  in  the  Gbol.  Mao.  1870,  pp.  214-220,  is  an  account  of  some  fossils 
discovered  by  the  late  Mr.  W.  Adams,  of  Cardiff,  in  1869,  in  a  <  Black  Band'  in 
the  Rhymney  Valley,  about  800  feet  higher  in  the  Coal-measures  of  South  Wales 
than  any  hitherto  found.  The  band  la  calculated  to  have  been  rightly  81  feet  above 
the  Mynyddysllwvn  coal«  from  which  it  is  divided  by  a  fault ;  it  is  in  five  layers  and 
about  8  feet  thick,  with  its  associated  shales.  One  of  these  in  its  midst  and  the 
lowest  shale  carry  the  fossils.  With  some  plant  remains  there  is  Antkracomya^  with 
Eatheria  (?)  Adamsii^  E.  tmeUa,  and  Leaia  Leidyi,  all  probably  of  brackish 
habitats ;  also  Carbonia  Evelina  and  C.  Agnea^  Ostracodes  typical  of  a  genus  which 
is  found  in  the  black  shales,  presumably  of  either  fresh  or  brackish- water  origin. 
Mr.  Adams  also  found  a  shale  full  of  Anthraeomya  at  Aberbeeg,  £bbw  Yale,  over- 
lying the  Troed-rhiw-Clawdd  coal,  and  226  yards  below  the  MynyddysUwyn  coal 
(p.  216). 

2.  Of  the  Yertebrata  the  fishes  enumerated  in  Mr.  Salter's  list  are  important. 
The  following  are  the  ^nera  named: — Megalichthys,  Ahizodus,  Pleuracanthus, 
Byssacanthus  (?),  Paleeoniscus,  Amblypterus,  Helodus,  and  Pcecilodus. 

Although  reptilian  remains  are  rare  in  South  Wales,  yet  they  are  not  altogether 
wanting.  In  1865  ^  Professor  (now  Sir  Richard)  Owen  aescribed  some  remains  of  a 
small  amphibian  (between  newt  and  lizard),  found  by  the  late  J.  E.  Lee  in  the  lower 
part  of  the  Middle  (or  upper  part  of  the  Lower)  Coal-meaures  at  Llantrissant, 
Glamorganshire.  The  animal  was  rather  larger  than  the  allied  Dmdrerpeton 
Aeadiatiutrif  and  Professor  Owen  named  it  Anthrakerpeton  eratioateum^  **the  thick- 
boned  coal-reptile."  This  paper  and  its  illustrations  were  reproduced  in  the  "  Trans. 
Cardiff  Nat.  Soc." 

10.  Extsnt  of  the  Coal-meaeuree  under  the  South  of  Enffland.—Sir  H.  De  la 
Beche  in  1846  ^  noted  that  a  great  sheet  of  Palaeozoic  rocks,  including  the  Coal- 
measures,  extending  hx)m  Belgium  to  Central  England,  had  been  rolled  about, 
undulated,  crumbled,  and  then  partially  worn  away  before  the  New  Red  Sandstone 
and  other  Mesozoic  strata  were  laid  down  upon  them  :  and  that  these,  in  their  turn, 
had  been  denuded  so  as  to  expose  here  and  there  portions  of  the  underlying  Coal- 
measures,  though  near  by  a  ridge  of  profitless  Mountain-limestone  or  other  older 
rock  might  come  to  the  surface. 

In  1856  Mr.  Godwin- Austen,  following  up  his  reasoning  about  the  areas  of  coal- 
growth  (see  above,  page  621),  explained  that  the  movements  of  disturbance  which 
they  had  undergone  hm  tended  to  preserve  the  great  Franco- Belgian  coal -band,  and 
haa  rendered  it  available ;  and  he  proceeded  to  state  that  the  course  of  that  band  of 
Coal-measures  may  be  traceable  westward,  and  probably  coincided  with,  and  may 
some  day  be  reached  along  the  line  of,  the  Yalley  of  the  Thames. 

Professor  Prestwich  in  1871  extended  this  inquiry  ;'  and,  having  carefully  com- 

*  Gbol.  Mao.  Yol.  II.  pp.  6,  8,  Plates  I.  and  II. 

'  Metn,  QeoL  Surv.,  vol.  i.  pp.  213-214. 

'  Eeport  Royal  Commieeion  Coal- Supply,  1871;   Anniv,  Address  Geol,  8oe,y 
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pared  the  coal-beds  of  Somerset  and  Belgium,  described  the  characten  and  relations 
of  the  strata  in  detail,  and  showed  that  the  coal  might  be  met  with  at  a  workable 
distance  from  the  surface  along  a  narrow  but  interrupted  curTed  area  from  West- 
phalia, through  Belgium  and  France,  to  England;  then  along  the  north-eastern 
part  of  Kent  (Isle  of  Thanet,  etc.).  and  through  Herts,  Bucks,  Oxfordshire, 
Gloucestershire,  to  the  Bristol  coal-fidd,  and  on  to  South  Wales.  The  coincident 
axis  of  disturbance  is  south  of  the  ri?er  Thames,  in  his  opinion  throwing  off  tiie 
coal-beds  on  its  northern  flank. 

Mr.  W.  Galloway  has  given  in  the  "Cardiff  Nat.  Soc.  Report,"  vol.  xrii.  1866, 

{>.  23,  a  sketch  of  the  views  here  alluded  to.  A  full  account  of  the  history  and 
iterature  of  the  question  of  the  underground  range  of  the  older  rocks  in  the  South- 
east of  England,  especially  as  to  the  possible  occurrence  of  the  Coal-measures,  is 
published  in  the  **  Memoirs  of  the  Geological  Survey :  The  Geology  of  London  and 
of  Part  of  the  Thames  Valley,*'  vol.  i.  1889,  pp.  13-28,  by  Mr.  Whitaker,  F.R.8., 
who,  having  given  close  attention  to  this  suoject,  has  suggested  the  following 
localities  as  likely  sites  in  the  search  for  coal  in  the  South-east  of  England :  St. 
Margaret's,  Chartham,  Chatham,  and  Shoreham,  all  in  Kent;  Bushey  (Herts), 
Loughton  (Essex),  and  Coombs,  near  Stowmarket  (Suffolk).' 

An  interesting  fact  relating  to  this  matter  is  that  in  February,  1890,  the  engineer 
of  a  boring  at  the  foot  of  Shakespear's  Cliff,  Dover,  announced  that  at  1204  feet 
below  the  surface  there  a  thin  seam  of  coal  was  met  with,  and  at  several  yards 
lower  down  coal  eight  feet  thick  was  pierced,  associated  with  clays,  g^'its,  and 
blackish  shales  (Newspapers).  In  Dr.  Blanford's  "  Anniversary  Address  to  the 
Geological  Socie^  "  on  February  21,  1890,  he  stated  that  Professor  Boyd  Dawkins, 
in  a  letter  received  the  day  before,  had  informed  him  that  a  coal-seam  had  really 
*'  been  reached  at  a  depth  of  1 180  feet,  and  that  this  seam  isproved  to  be  of  Car- 
boniferous age  by  the  plant-fossils  in  the  associated  clays.  .  . .  The  discovery  is  solely 
the  result  of  scientific  mduction,  and  arrived  at  by  following  the  line  of  research  first 
indicated,  I  believe,  by  the  late  Mr.  Godwin- Austen,  and  subsequently  by  Professor 
Prestwich."  The  boring  was  undertaken  with  the  advice  of  Professor  W.  Boyd 
Dawkins  ; '  and  we  learn,  from  his  latest  Report,*  that  the  Coal-measures  were 
reached  at  1113  feet  below  hi^h-water  mark,  and  were  penetrated  to  1500  feet; 
also  that  in  the  387  teet  of  Coal-measures  six  seams  were  met  with,  giving  an 
aggregate  of  10  feet  of  coal.  The  distance  of  the  Coal-measures  below  high-water 
mark  Ib  a  near  approximation  to  Professor  Prestwich's  computation  of  the  probable 
depth  at  which  coal  mi^ht  be  found  in  that  part  of  Kent,  namely,  1000  to  1100 
feet  *  The  account  of  we  coal-plants  or  other  fossils  from  these  beds  has  not  yet 
been  published. 

11.  Coneliuion. — The  formation  and  subsequent  arrangement  of  coal  and  the 
Coal-measures  have  been  so  ordered  that  the  blessings  of  civilization  have  been 
largely  enjoyed  wherever  the  fossil  fuel  at  man's  feet  has  been  industriously  worked 
by  his  hands,  and  carefully  applied  to  the  improvement  of  his  social  being.  These 
labours  of  careful  perseverance,  and  arts  of  skilful  manipulation,  have  given  special 
characters  to  those  whose  energies  have  been  directed  to  coal-mining  and  various 
manufacturing  enterprises ;  and  all  conditions  of  society  have  been  influenced  thereby. 

So  also  the  geologist,  chemist,  and  botanist,  seeking  out  the  composition  of  the 
various  coals,  their  local  position  and  extent,  their  special  natural  history,  the  mode 
of  passage  from  dead  plants  to  first-rate  fuel — in  fact,  aiming  at  a  complete  mastery 
over  all  the  mazy  events  and  complicated  results  of  the  coal-formation — ^not  only 
find  a  useful  exercise  of  their  cultivated  intelligence  and  accumulated  knowledge, 
benefiting  all  by  the  practical  results,  but  the^  widen  the  mental  culture  of  others, 
and  show  how  the  study  of  nature  is  an  indispensable  element  in  good  education, 
and  necessarily  productive  of  lasting  benefit  to  society  at  large. 

1872;  Popular  Seimet  Bwisw,  July,  1872;  and  Jhr^cted.  Imtit,  Cfml  En^uuen, 
vol.  xxxvii.  1874,  p.  110,  etc.,  plates  viii.  and  ix. 

'  GioL.  Mao.  November,  1890. 

'  See  also  **  Contemporary  Review,"  April,  1890;  and  his  **  Lecture  to  the  Royal 
Institution,"  June  6,  1890. 

'  **  Report  of  Proceed.  General  Meeting  of  the  South  Eastern  Railway  Company," 
July  23,  1891,  p.  10 ;  and  <*  Financial  News,"  July  24,  1891. 

*  '*  Proceed.  Instit.  Civil  Engineers,"  voL  xxxviL  1874,  pp.  16  and  26  of  the 
separate  paper. 
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Light,  heat,  motion,  fragranoe,  and  colour  are  all  now  ohtainable  from  ooal. 
What  more  could  the  sun  himself  do  for  us  ?  It  is  as  if  the  sunshine  that  cherished 
the  luxuriant  jungles  of  the  past  had  been  preserved  in  the  coaly  mass  of  the  buried 
trees.  Indeed,  the  light  and  heat  of  former  days,  expended  in  thus  converting 
carbonic  acid  and  water  into  coal,  are  here  stored  up  for  man.  By  converting  coal 
into  carbonic  acid  and  water  he  can  again  evolve  that  heat  and  light,  and  use  them 
in  a  thousand  ways  beneficial  to  his  race— nay,  essential  to  his  very  existence  as 
a  civilised  being  (J.  W.  Salter  and  others). 

Nevertheless,  a  great  deal  has  yet  to  be  learnt  about  the  natural  history  of  the 
Coal-measures,  the  order  and  extent  of  the  special  kinds  of  their  animals  and  plants, 
the  time  occupied  in  formation,  and  the  geographical  and  hydropaphical  conditions. 
At  all  events,  we  know  that  all  their  strata  have  been  arranged  in  order,  have  been 
buried  under  circumstances  favourable  to  production  of  the  various  coaly  fuels,  and 
then  turned  up  in  orderly  disorder,  ready  to  the  hand  of  man,  and  well  adapted  for 
his  use  in  this  passage-stage  of  his  civilization  and  development,  helping  him,  when 
intelligent,  active,  careful,  and  persevering,  to  higher  enas.  For  we  cannot  doubt 
that  aU  things  here  are  arrangea  for  his  better  being,  his  progress  towards  more  and 
more  useful  arts,  wider  ranges  of  science,  and  fitter  aptitudes  of  life,  of  which  as  yet 
we  have  but  little  conception.  We  are  still  the  early  settlers  in  a  beautiful  world, 
whose  capabilities,  imperfectly  known  as  yet,  wait  until  higher  developments  of  man 
can  understand  them  fully,  and  apply  the  results  to  the  general  good. 


OBiTTr.A.ie."3r, 


CHARLES  SMITH    WILKINSON,    F.G.S.,   F.L.S.,   V.P.L.S. 

NEW    SOUTH    WALES. 

BosN  1843,  DiBD  23sD  August,  1891. 

Mr.  Wilkinson  was  born  in  Nortbamptonsbire.  His  fatber,  Mr. 
David  Wilkinson,  was  associated  witb  George  Stepbenson  in  design- 
ing tbe  first  locomotive  engines.  His  family  settled  in  Melbourne 
in  1852,  wbere  be  received  bis  education.  In  1859  be  was  ap- 
pointed to  tbe  Geological  Survey  of  Victoria  under  A.  R.  C.  Selwyn, 
F.R.S.,  and  in  1861  was  employed  in  tbe  Survey  of  tbe  country  from 
Bass's  Straits  nortbward  to  near  Ballarat.  Gape  Otway  mountains 
were  surveyed  by  Mr.  Wilkinson  in  1863 ;  and  tbree  years  later, 
wben  engaged  upon  tbe  Geological  Survey  of  tbe  Leigb's  River 
District,  some  important  investigations  were  made  as  to  tbe  mode  of 
deposition  of  gold  and  tbe  formation  of  gold-nuggets.  Subsequently, 
Mr.  Wilkinson's  bealtb  gave  way,  and  be  spent  tbree  years  in  tbe 
Wagga  district.  In  1872  be  passed  tbe  examination  for  licensed 
Surveyors  in  New  Soutb  Wales,  and  was  afterwards  sent  by  tbe 
Surveyor-General  to  tbe  tben  newly-discovered  tin-mining  district 
of  New  England,  upon  wbicb  be  reported.  He  was  appointed 
Geological  Surveyor  in  tbe  Department  of  Lands  in  1874,  and  wben, 
tbe  following  year,  tbe  Geological  Survey  was  transferred  to  tbe 
Department  of  Mines,  be  was  appointed  Gk)vernment  Geologist 
for  New  Soutb  Wales,  wbicb  office  be  filled  until  bis  deatb,  witb 
great  ability  and  mucb  advantage  to  tbe  Colony. 

Mr.  Wilkinson  was  a  member  of  tbe  Board  appointed  to  disburse 
tbe  Parliamentary  Vote  for  Government  aid  to  mineral  pro- 
spectors in  bis  Colony.  He  bas  also  served  as  President  of  tbe 
Royal  Society  of  New  Soutb  Wales  and  President  of  tbe  Linnsean 
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Society  of  the  Colony.  His  lengthened  experienoe  in  practioal 
geology  and  mining,  and  his  scholarly  attainments,  united  to  a 
modest  demeanour,  gained  for  him  a  wide  cirole  of  friends  both  at 
home  and  in  the  Colonies.  For  seventeen  years  Mr.  Wilkinson  was 
a  member  of  all  Commissions  for  the  Colony,  in  connexion  with 
International  and  Inter-colonial  Exhibitions,  and  he  took  a  prominent 
part  in  preparing  the  collections  showing  the  mineral  resources  of 
the  Colony.  He  was  also  mainly  responsible  for  the  excellent 
collection  of  minerals  in  the  Mining  Museum  at  Sydney. 

Mr.  Wilkinson  represented  his  Grovemment  as  Geological  Director 
of  the  New  South  Wales  Royal  Commission  at  the  Mining  Exhibition 
held  at  the  Crystal  Palace  in  the  autumn  of  last  year. 

He  was  elected  a  Fellow  of  the  Geological  Society  of  London  in 
1876,  and  a  Fellow  of  the  Linnsoan  Society  in  1881. 

Note. — This  Notice  and  the  accompanying  portrait  of  Mr.  C.  8.  Wilkinaon  are 
reproduced,  by  the  kind  permission  of  the  Editor,  from  the  *' Mining  Journal" 
October  17,  1891.— Edit.  Obol.  Mao. 
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There  may  be  many  geologists  in  New  South  Wales  ready  to 
suooeed  Mr.  Wilkinson  in  his  post,  but  it  will  be  difficult  to  find  one 
possessing  the  same  extensive  geological  and  mineralogical  know- 
ledge, combined  with  so  amiable  a  disposition  and  a  readiness  to 
impart  information  to  those  seeking  it,  which  will  cause  his  memory 
to  be  long  held  in  esteem  by  all  who  had  the  pleasure  to  come  in 
contact  with  him,  whether  officially  or  socially ;  and  especially  will 
his  loss  be  deeply  felt  by  a  very  wide  circle  of  personal  friends. 

PHILIP    HERBERT   CARPENTER, 

M.A.,  D.SC.  (CAMB.).  F.R.8.,  F.L.8. 
Born  Fib&uart  6th,  1862.    Dud  Octobba  22in>,  1891. 

Philip  Herbert  Carpenter,  whose  sad  death  we  recorded  in 
our  last  Number,  was  the  fourth  son  of  Dr.  W.  B.  Carpenter,  C.B., 
F.R.S.  Bom  in  Westminster,  he  was  taught  at  University  College 
School,  and  in  1871  went  to  Cambridge  as  a  scholar  of  Trinity.  In 
1874  he  graduated  as  B.A.  in  the  first  class  of  the  Natural  Science 
Tripos,  and  proceeded  to  the  further  degrees  of  M.A.  in  1878  and 
D.Sc.  in  1884  Between  1876  and  1877  he  studied  at  Wurzburg 
under  Prof.  Semper,  and  in  the  latter  year  was  appointed  assistant 
master  at  Eton  College,  being  especially  charged  with  the  teaching 
of  biology.  This  post  he  held  until  his  death.  In  1884,  when  his 
father  received  the  Lyell  Medal  from  the  Qeological  Society  of 
London,  to  Herbert  Carpenter  was  awarded  a  moiety  of  the  Fund. 
In  1885  he  was  elected  a  Fellow  of  the  Royal  Society,  and  he  served 
on  the  Library  Committee  and  Council  of  the  Linnsean  Society  from 
1887  onward. 

By  the  death  of  Dr.  Carpenter,  at  the  early  age  of  thirty-nine, 
we  lose  one  of  the  chief  authorities  on  Eohinoderm  morphology 
and  the  acknowledged  leader  in  the  study  of  the  Crinoidea.  For 
this  position  he  was  by  his  early  training  eminently  fitted.  As  a 
boy  his  interest  was  excited  by  the  researches  which  his  father 
was  prosecuting  into  the  embryology  and  morphology  of  Antedon. 
When  only  sixteen  he  joined  his  father  and  Wyville  Thomson  on 
the  deep-sea  exploring  ^expedition  of  H.M.S.  Lightning^  **  manfully 
bearing  no  little  hardship  and  helping  to  lighten  the  evil  times  to 
his  seniors."  It  is  interesting  to  remember  that  the  chief  incentive 
to  that  exploration  was  the  discovery  by  Sars  of  new  Crinoids  in 
the  North  Sea  two  years  before.  In  1869  he  was  on  the  second  and 
third  cruises  of  the  Porcupine,  making  analyses  of  sea- water,  but  no 
doubt  keeping  an  eye  on  the  many  rare  animals,  especially  Echino- 
derms,  dredged  by  that  vessel.  The  summer  of  1870  was  again 
spent  on  the  Porcupine^  this  time  in  the  Mediterranean.  In  1875 
he  accompanied  Sir  Q.  Nares'  Arctic  Expedition  as  far  as  Disco 
Island,  for  the  purpose  of  assisting  in  the  dredging  operations  that 
were  carried  out  there  and  in  the  North  Atlantic  by  H.M.S.  VahrouB, 

It '.was  not,  however,  till  September,  1875,  that  he  turned  his 
attentidn  seriously  to  the  Crinoidea,  and  then  as  it  were  by  chance. 
His  first  studies  at  Wilrzburg  were  on  "  the  minute  anatomy  of  the 
genital  glands  in  the  Crayfish."  It  happened,  however,  that  Semper 
and  Ludwig  had  criticized  certain  statements  of  W.  B.  Carpenter 
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with  regard  to  the  amiB  of  Auiedam^  and  P.  H.  Carpenter  naturally 
wished  to  examine  Semper's  materiaL  Thoa  hia  first  paper  (Jonm. 
Anat  and  PhjaioL)  reconciled  the  Tiewa  of  hia  father  and  of  his 
lather's  critics.  The  interest  once  aroused  led  him  on  to  the  investi- 
gation of  the  Phillipine  AcUnowtetrcB,  placed  in  his  hands  by  Semper, 
and  after  two  years'  work  he  presented  to  the  Linnaean  Society  the 
important  paper  on  that  genas  which  is  published  in  their  Transac- 
tions. Meanwhile  the  Challenger  expedition  had  returned,  and  in 
January,  1878,  the  description  of  the  firee-swimming  Crinoida 
collected  on  it  was  entrusted  to  Carpenter  by  Sir  Wyrille' Thomson. 
Thus  his  scientific  career  was  determined,  and  from  that  time  to  hia 
death,  a  constant  stream  of  papers  from  his  pen,  on  Echinoderm 
and  especially  Crinoid  morphology,  found  their  way  to  the  Royal, 
Linnsean,  Geological,  and  Zoological  Societies  of  London;  to  the 
Quarterly  Journal  of  Microscopiod  Science,  the  Annals  and  Maga- 
zine of  Natural  History,  Zoologischer  Anzeiger,  and  many  other 
publications. 

The  report  on  the  Challenger  collection  of  Stalked  Crinoids  was  to 
have  been  written  by  Wyville  Thomson,  but  on  his  death  in  March, 
1882,  the  work  naturally  fell  to  Carpenter.  This  report,  published 
in  1884,  and  that  on  the  unstalked  forms,  which  appeared  four  years 
later,  embody  the  main  work  of  Carpenter's  life :  their  accuracy  and 
exhanstiveness  are  known  to  all  who  have  to  deal  with  Crinoids. 
This  led  to  much  other  systematic  work,  such  as  that  on  the  ConuUulm 
of  the  Leyden  Museum,  of  the  Hamburg  Museum,  of  the  Barent'a 
and  Kara  seas,  and  of  the  Mergui  Archipelago ;  besides  much  left 
unfinished  on  the  Blake  collections  from  the  Carribbean  sea,  the 
Crinoids  from  the  Port  Philip  Survey,  from  Torres  Straits  and 
elsewhere. 

What  must  strike  any  one  who  reads  these  reports  \b  the  constant 
allusion  to  fossil  forms.  The  refusal  to  separate  for  a  moment  the 
animals  preserved  to  us  in  the  rocks  from  those  living  in  modern 
seas,  which  distinguished  Carpenter's  work  from  that  of  most 
zoologists,  constitutes  his  chief  claim  on  the  attention  of  the  readers 
of  this  Magaziks.  "  I  have,"  he  said  *<  the  strongest  conviction 
(and  many  mistakes  would  be  avoided  were  it  a  universal  one)  that 
the  only  way  to  understand  fossils  properly  is  to  gain  a  thorough 
knowledge  of  the  morphology  of  their  living  representatives.  These, 
on  the  other  hand,  seem  to  me  incompletely  known  if  no  account 
is  taken  of  the  life-forms  which  have  preceded  them."  And  this 
conviction  was  acted  up  to  :  thus,  even  a  new  Antedon  from  the 
Mergui  Archipelago  was  shown  by  him  to  throw  light  on  the  position 
of  Jurassic  species.  No  stronger  argument  than  the  extreme  value 
of  all  Carpenter's  palseontological  papers  can  be  needed  to  show  the 
utter  fatuity  of  ever  expecting  really  good  work  to  be  done  upon 
fossils  by  those  who  are  prohibited  from  acquiring  a  practical  know- 
ledge of  their  living  relations.  For  those,  however,  less  fortunate 
than  himself  his  help  was  always  ready,  and  none  will  feel  his  loss 
sooner  or  more  bitterly  than  they  who  have  so  often  availed  them- 
selves of  it  in  solving  the  many  problems  presented  by  the  Crinoids 
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of  the  past  Besides  many  papers  contributed  to  the  Oeological 
Society,  Carpenter  was  joint  author  with  Mr.  E.  Etheridge,  Jan.,  of 
the  Catalogue  of  the  Blastoidea  in  the  British  Museum ;  and  the 
last  number  of  the  Journal  of  the  Linnsean  Society,  published  on  the 
day  of  his  funeral,  contains  a  contribution  to  the  Morphology  of  the 
Cystidea  of  the  very  highest  importance  (see  antea,  p.  135). 

Carpenter's  enthusiasm  made  him  a  keen  controversialist,  but  his 
love  of  truth  kept  him  open  to  every  argument  He  may  have 
sacrificed  brevity  to  exhaustiveness,  but  his  conscientiousness  has 
given  to  all  his  work  the  highest  reputation  for  accuracy.  These 
are  the  virtues  of  the  man  of  science,  but  to  them  he  added  a 
kindness  of  heart  and  a  bright  joyousness  of  nature  that  leave  us 
doubtful  whether  we  have  lost  more  in  the  teacher  or  in  the  friend. 

Lists  of  Dr.  P.  H.  Carpenter's  papers,  some  written  in  conjunction 
with  Mr.  R.  Etheridge,  jun.,  are  given  in  his  two  Challenger 
Reports,  and  in  the  Catalogue  of  the  Blastoidea  in  the  British 
Museum.     To  these  the  following  list  is  supplementary. 

1882.     On  the  Relations  of  HyboerinuSy  Baeroeritiua^  and  Hybocystiteay  Quart.  Joum. 
6eoL  Soc.  vol.  xxxviii.  (No.  151),  pp.  298-312,  pi.  xi. 

1886.  Note  on  the  Structure  of  CrotaloerinWf  Ann.  Mag.  Nat.   Hist.  ser.  6, 

vol.  iviii.  pp.  397-406. 

1887.  Notes  on  Efchinodenn  Morphology,  No.  11;  on  the  Development  of  the 

Apical  Plates  in  Amphiura  MquafMUa,  Quart.  Joum.  Micr.  Sci.  vol.  zxviii. 
pp.  303-317. 

1889.  Report  on  the  Comatulse  of  the  Mergui  Archipelago,  etc.,  Joum.  Linn. 

Soc.  London  (ZooL),  vol.  xxi.  pp.  304-316,  pis.  zxvi.  and  xzvii. 

1890.  Preliminary  Report  on  the  Crinoiaea  obtained  in  the  Port  Phillip  Biological 

Survey,  Proc.  Roj[.  Soc.  Victoria,  new  series,  vol.  ii  pp.  135-136. 

1890.  On  certain  points  in  the  Anatomical  Nomenclature  of  Echinoderms,  Ann. 

Mag.  Nat.  Hist.  ser.  6,  vol.  vi.  pp.  1-23. 

1891.  Some  publications  on  American  UarboniferouB  Echinoderms,  Ann.  Mag. 

Nat.  Hist.  ser.  6,  vol.  viii.  pp.  94-100. 
1891.    On  certain  points  in  the  Morphology  of  the  Cystidea,  Joum.  Linn.  Soc. 

London  (Zool.),  vol.  xxiv.  pp.  1-52,  pi.  L    Abstract  in  Rep.  Brit.  Assoc. 

for  1890,  p.  821;   and  in  Obol.  Mao.  Dec.  III.  Yol.  YlII.  p.  135, 

March,  1891. 
1891.    Notes  on  some  Arctic  Comatulsd,  Joum.  Linn.  Soo.  London  (Zool.),  vol. 

xxiv.  pp.  63-63,  pi.  ii. 
1891.    Notes  on  some  Crinoids  from  the  Neighbourhood  of  Madeira,  op,  tt  torn,  eit, 

pp.  64-69. 

Dr.  Carpenter  also  contributed  an  admirable  popular  account  of 
the  Ecliinoderins  to  Cassell's  Natural  History  (1883),  and  was 
largely  responsible  for  the  section  on  the  same  group  in  Nicholson 
and  Lydekker's  Palaeontology  (1889).  F.  A.  B. 


Henry  Nottidgb  Moselby,  LL.D.,  F.R.S.,  who,  after  a  protracted 
illness,  died  on  the  10th  of  November  last,  at  the  age  of  46,  was  well 
known  as  a  ''Challenger"  Naturalist,  and  asLinacre  Professor  of  Com- 
parative Anatomy  at  Oxford.  That  part  of  his  published  work  of 
most  interest  to  the  palssontologist  related  to  the  Hydrocorallinae, 
Alcyonaria  and  Madreporaria.  But  throughout  his  work,  especially 
in  his  capacity  as  teacher,  he  was  always  alive  to  the  value  of  fossils, 
and  lost  no  opportunity  of  impressing  on  his  pupils  the  importance 
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of  iheir  study.  His  enthusiasm,  his  energy,  his  genial  humour  and 
his  far-travelled  experienoe  would  often  keep  the  attention  of  his 
youthful  hearers  for  a  full  hour  beyond  the  appointed  leoture-time ; 
and,  though  his  voioe  has  for  some  years  been  silent,  his  memory 
will  not  yet  oease  to  be  dear  to  all  who  had  the  privilege  of 
knowing  him. 

Thomas  Pallisteb  Barkas,  F.G.S.,  was  strioken  with  paralysis 
about  a  month  prior  to  his  death,  which  we  regret  to  record  occurred 
on  the  18th  of  July  last.  He  was  born  in  Newcastle  on  the  5th  of 
March,  1819,  and  in  his  early  days  was  a  well-known  lecturer  in 
his  native  city  on  scientific  and  literary  subjects.  To  geologists  he 
is  best  known  by  his  "Coal -measure  Palaeontology"  (1873),  illus- 
trative of  the  fauna  of  the  Northumberland  Coal  Field.  In  this 
book  he  figured  numerous  specimens  preserved  in  his  own  collection, 
and  others  which  he  had  given  to  the  local  museums.  Mr.  Barkas 
was  a  great  popnlariser  of  his  favourite  science,  and  took  a  warm 
interest  in  the  Newcastle-on-Tyne  Natural  History  Museum. 
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CONCERNING  NOMENCLATURE. 
Sir, — In  reading  Mr.  J.  W.  Gregory's  Revision  of  the  British 
Tertiary  Echinoidea  in  the  **  Proceedings  of  the  Greologists'  Associa- 
tion," vol.  L  parts  1  and  2,  1891, 1  was,  of  course,  impressed  with 
the  industry  and  acumen  of  the  author,  but  I  was  much  grieved  at 
finding  that  ten  of  the  original  specific  names  given  by  Professor 
Edward  Forbes  in  1852  are  maltreated  by  arbitrary  and  unnecessary 
alteration,  after  the  latest  fashion  of  pseudo-classical  nomenclaturists, 
who  propose  to  bring  specific  names  to  one  artificial  foim  and  standard. 
They  forget  that  the  original  "  Woodii,'*  for  instance,  is  preferable 
to  Woodif  being  more  euphonious, — and  that  a  name  may  be  as 
lawfully  latinized  after  the  plan  of  Junius  as  of  lulus;  and  that 
there  are  as  many  Roman  names  ending  in  ius  as  in  us.  Further  it 
seems  to  be  forgotten,  or  not  known,  that  the  genitive  in  a  specific 
proper  name  indicates  the  author's  intention  of  honouring  the  dis- 
coverer of  the  specimen,  whereas  the  adjectival  form,  as  BranderianuSf 
has  reference  to  one  otherwise  connected  with  the  species.  Thus, 
to  change  "  Hemiaster  Branderianus**  to  H»  Branderi  is  to  falsify,  not 
only  the  fact  in  nomenclature,  but  the  author's  intention  to  indicate 
the  method  and  degree  in  which  he  meant  to  honour  the  person 
named.  The  reduction  of  capitals  in  specific  names,  as  in  hranderi, 
is  unworthy  of  real  literateurs,  convenient  to  printers,  if  any  of 
them  wish  to  save  a  little  arm-stretching  in  composing  the  type, — 
and  depriving  both  beginners  and  experts  of  seeing  at  a  glance  some 
indication  of  the  scientific  history  of  the  species.  Linne's  method  of 
giving  initial  capital  to  any  noun  used  as  a  specific  name  is  far 
preferable  to  the  new  fashion,  which  is  probably  based  on  the 
unimportant  circumstance  that  in  ancient  inscriptions  only  uncial 
and  uniform  letters  were  used.  T.  Rupkbt  Jonks. 
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